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INTRODUCTION .

The drainage basin of Redwood Creek is located a short distance .
northeast of Fureka, California (fig. ]))and comprised of ébout 280
square miles (725 square kilometers) of some of the most rapidly erod-
ing non—gléciated terrane in North Amgtica. High rates of erosi_on 7
reflect a combination of rock types, geologic higtory, climate, anq
land use that exigts throughout vast areas of ﬁorthwestern California
and southwestern Oregon. Early vertical aéria] photographs and geo-
logical investigations indicate that the pristine Redwood Creek basin,
even though it was about 85 percent mantled with a dense coniferous
forest, was subjected to episédic vigorous mass movément and stream
channel erosion. |

The'forests of this basin are a major source of both commercial
wood fiber and public enjoyment. As of 1973 about 65 percent of the
Redwood Creek basin was cutover forest land much of which displayed
actively eroding gullies and landslides that were c]ear]y‘;elated to
timber harvest and associated road construction. Nearly all the timber
haryesﬂ"gccurred in the last 25 years; 0f  about 20 percent of the
ba§in that still éears old growth forest, nearly two-thirds has been

set aside as public parks in the redwood (Sequoia sempervirens) -

dominated forests of the dqwnétream portion of the basin.
The parkland of lower Redwood Creek is included.within Redwood "
National Park which was established on October 2, 1968, when the

———— e
- —— ——

U.s. Congress enacted Public Law 90-545 in order "to brese;35§§ignificant

2
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examples of the primeval coastal redwood (Sequoia sempervirens) forests

and the streams and seashores with thch they are associated for purposes
of public inspiration, enjoyment, and scientific study,...". The southern-
most portion of this park is a seven-mile-long, half mile-wide appendage
that straddles Redwood Creek and that contains some of the park's most
magnificent redwood groves (fig. 2).

The Congress apparently foresaw potential problems in preserving
park values in the downstream end of an intensively logged, and highly
erosive drainage basin, as they provided the §ecretary of the Interior
with statutory authority .to engage in special actions designed to

protect park resources. The relevant sections of the Act of establish-

-

.ment are as follows:

Section 2a ""...The Secretary of the Interior...may from time to
time, with a view to carrying out the purpose of this Act and with
particular attention to minimizing siltation of the streams, damage to
the timber, and assuring the preservation of the scenery within the
boundaries of the national park as depicted on said maps, mod1fy said
boundaries...".

Section 3e "In order to afford as full protection as .is reasonably
possible to the timber, soil, and streams within the boundaries of the
park, the Secretary is authorized, by any of the means set out in
Subsections (a) and (c) of this’section, to acquire interests in land
from, and to enter into contracts and cooperative agreements with, the
Owners of land on the periphery of the park and on watersheds tributary -
to streams within the park designed to assure that the consequences of
forestry management, timbering, land use, and soil conservation practices
Conducted thereon, or of the lack of such practices, w111 not adversely
affect the t]mber, soil, and streams within the park..

Publlc Law 90-545, however, also restr1cts the total acreage of the park
to 58 000 acres and limits expendxture of public funds for land acquisi-
tion to 92 million dollars, so that an apparently impressive array of

ettt gt o ts g

discret1onary authority is actual]y rather limited. &2



Shortly after the creation of Redwood National Park, the Secretary
of the Interior and the National Park Service initiated a series of
studies designed to assist them in understanding the various options
for protecting and managing the timber, soil, streams, and scenery
within the park. The first of these studies (Stone and others; 1969)
described "poténtial]y destructive inputs into the park," and.the impact
of 1and-managemént actiQities on the magnitude of those impacts. This
report went on to recommend specific restrictions to be applied to timber
harvest and other management activity within 800 feet (244 metres) of
the park boundary and urged creation of a voluntary Redwood Creek land
management association to address itself to stabilizing the activejy

‘roding upper Redwood Creek watershed.' The possible need for additional
Federal action to protect the ﬁedwood Creek unit of Redwood Nationg]
Park was reviewed again starting'in March of 1972 by a'University of
California—Federa]'interagency task force under the leadership of
Or. Riehard C. Curry. This task force (Curry, 1973) identified channel
instability as the greatest potential threat to park resources and went
on to recommend that increased éfforts be made to influence management
actions in areas well beyond the BOO-fbot buffer zone proposed by Stone
aﬁd others (1969). . Understanding of the interactions between various

‘”Qeohepphic processes and the terrestrial and aquatic ecosystems that

_:fnhabit tﬁé Redwood Creek basin was so incomplete,-however, that the
Curry task force did not feel comfortable in making final action recommenda-

L)
tions, but suggested that the National Park Service in cooperation with



the U.S. Geological Survey initiate studies to provide data needed

in formulatiﬁg management activities that would assure,to as great

a degree as possib]g’the preservation of park resources. Thus, on
August 16, 1973, the National Park Service requested and formally
authorized the Geological Survey fo initiate a three-year study

designed (1) to delireate and to describe particu]ar'portions of the
terrestrial and aquatic ecosystems within Redwood National Park that

are direc¥1y or indirectly threatened by recent changes in the intensity
of erosion and sedimentation, (2) to define more precisely the magnitude,
frequency of occurrence, and duration of the processes that pose the
most imminent threéts, and (3) to assess fhe impact of reéent.road

. construction and timber harvest on those processes.

PURPOSE AND SCOPE

The two major purposes of this report are to describe the physical
condition of the drainage basin of Redwood Creek as of 1973, and fo
attempt to identify processes that are modifying or are threatening to
modify the‘ecosystem that inhabits Redwood National Park. In attempt-
ing to fulfill these goals, major uncertainties and inadequacies in the
available data base have been identified and are now being studied as
Part of our continuing research in tﬁe draipage'basin.  Cdnsiderable
Pué]ip debate has focused on possible timber haryest—induced changes
;in the hydrologic and sedimentation regimes of Redwood Creek and the
Potential impact of those changes on the resources of Redwood National
Park. This report addresses itself to those issues-at considggable

length, but attempts more to isolate specific questions than to provide



st«;r:. Intcerim and final r-ports of our continuing ctudies will
attempt to answer some of those questions. The present report is composed
mostly of a descripticn of both the physical setting of the drainage
tazin of Redwocod Creck and some of the physical processes that influence
the terrestrial and asguatic ecosystems that inhabit the basin. The
description is based primarily on a compilation and interpretation
of numerical, déscriptive, and photographic information that was available
at the end of 1973, prior to the initiation of intensive data collection
by the Geological Survey. The report attempts to bring information from
various germane scientific disciplines together into one unified body
of data so-that interrelationships between different processes and
between processes and organisms become more readily apparent. Most of
.:he numerical computations, statistical and graphical analyses,
and interpretations of data presented here were completed.after December
1973, While this report was in pieparat;on, the data base was constantly
expanding, If new data either contradict or clarify relationships
Suggestéd by the older data, the new data are briefly discussed in

-

Passing, but .not discussed in detail, For example, the report contains
Physiogfaphic a;gauiﬁciuding erosion process informacion'gléaned from inter-
Pretations of published 15-minute topographic quadrangle maps and historical
sé‘!.uences of aérial photographs, but it does not present data discernitl:
only on detailed toﬁographic maps and aerial photographs obtained arfter

December 1973. The intent was to describe the condition of the basin

& a point in time--late 1973--and to suggest how it got that way.

ThEYefore, the interpretations in this report should be considered preliminary

—— ey e

and Ssubject to revision as more definitive information becomegfgeailable.
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GEOLOGIC SETTING AND REGOLITH

The lithologic and structural properties of the-rocks of the
Redwood Creek basin make them highl} susceptible to chemical:decomposi-
tion and erosion. Geologically recent uplift may also have influenced
present rates and'prdccsses.of erosion. The geologic setting énd
history of this.basin, however, are poorly uﬁderstood-ﬁecause the
spatial distribution of rock units for most of the basin is known only
from reconnaissance mapping (Strand, 1962, 1963 and references therein),
and the nature of the geologic contacts has been studied only cursorily.
Evidence concerning the evolution of the topography during Neogene and
Quaternary time is particularly meager{

OCK TYPES ‘AND ASSOCIATED REGOLITH

The entire basin upstream from the mouth'of.Praiiie Creek is.

. underlain by the strong]y.indurated.Franciscaﬁ.assemblage of rocks ({iga.

whose ofigih, metamorphism, and- subsequent tectonic deformation are
related to sea-floor spreading aﬁd subduction of the Pacific Ocean
floor bgneath the western edge of NSrth America (Blake and Jones, 1974).
These rocks show varying degrees of meiamorphism with texture zones 1,
2, and 3 of Blake and others (1967) all being present. Marine sedi-
Bentary and metaseﬁimentary rocks are far more abundant tﬁan volcanic
and metavolcanic rocks. No fossils have been found within the
Franciscan assemblage in the Redwood Creek basin, but petrographically'
Simitar rogks can be traced southeastward where fossils and radiometric
dating suggest that these rocks are of Late JuFassic-and Eav]g?

Cretaceous age (Blake and others, 1967).
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‘The rocks underlying the nc;thwestern'Lost Man Creek basin and
the upper Prairie Creek basin, in contraét, are unnamed, weakly
indurated coastal pfain sediments. These unnamed sediments contain
Pliocene or younger plant fossils and interfinger with the marine
Pliocene St. George Forhation (Mdore and éi]ver, 1968).

Essentfa]]y.unmetamorphosed.Francistan'sedimentary rocks‘
underlie most df the eastern side of the basin. Most of the rocks labelled
"KJF" iﬁ Figure 3 are texture zone 1 rocks (Blake anc‘l— ot.hérs, Vl-967). | (.;r'a-ywa:ke
sandstone (1lithic and arkosic wacke, according to Williams and others,
1958, page 259) is the most abundant rock in this zone. Lesser amouﬁts
of mudstone and conglomerate are present. Some of the conglomerate is
composed soie]y of subangular to subrounded granules and fine pebbles
’unmetamorphosed mudstone in a sand matrix. Most of the conglomerats,
hovever, shows pebbles derived predominant]y from rocks resistant to |
chemical weathering such as cherf, fine—grainé& metavolcanic rocks,
Quartzite, and ﬁuartz porphyry. . A few clasts of fine-grained plutonic
rocks are present, but clasts derived from rocks resembling-schists of
texture zone 3 are absent. Beddinb, although often obscure, is mostly
from 4 to 120 inches (0.1 to 3 meters) thick. Graded bedding and other
internal sedimentary structures inqicative of deep water, turbidite

, deposition are common.

b -~

-— . - -

The western part of texture zone 1 rocks in the Redwood Creek basin
re finer grained, lithologiéally more diverse, and structurally more
°°Wq}ex than rocks in the eastern part. Smail'discontinuous bodies of

}eenStone and bedded radiolarian chert are present. Mddstone units that
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are several tens of feet thick are'interbedded with the sandstohes;
less conglomer.ate is present than in the eastern part. Sheared and closely
fractured rocks are also far more prevalent in the western part than in the
eastern part of texture zome 1. Throughout most of the basin, earthflows and
other forms of mass movement are périicular]y common in the area
immediately east of the main channel of Redwood Creek (Colman, 1973)--
an area with many Ehea}eﬁ mudstone units. The general appearance of
the westerﬁ part‘of’texture zone 1 in the Rédwqod Creek basin generally
resembles that associated with some.of the extensive tracts of
Franciscan melange farther south in the Coast Ranges, except that exotic
blocks (“knockers")“of amphibolite and metavolcanic. rocks are absent.
Texture zane 2 rocks, which in the Redwood Creek basin are composed ,
.ﬂmari]y of phyllite and stretch-pebble conglomerate, represent a
transition betwéen the essentially unmetamorphosed}seéimentary rocks of
texture zoné 1 and the schists of texture zone 5. Mudétonés typically
have partially recrystallized and display a weak c}eavage and a micaceous.
"sheen" but ﬁo pronounced mineral segregation or foliation. ~ Sandstones
and conglumerates of texture zone 2 have not recrystallized but cataclastic
rotation and flattening of grains in these rocks have produced an é]igae:
fabric that is cleafly discernible in the field.
.Hfthin the Redwood Creek basin, rocks of texture zone 2 crop out

3
’

&Prﬁiﬁsaliy in close proximity to Redwood Creek ir a narrow belt at

A d .

-$he western edge of the belt of rocks labelled as "KJF" in tigure 3

Iéfﬁgre zone 2 throughout -most of the basin is 1,000 to 3,000 feet
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(305 to 914 mete}s) thick which is comparable to of slightly thinner
than texture zone 2 in the Black Butte-North Yolla éolly area where |
such rocks form a complete unfaulted transition between unmetamorphosed
sandstone and schist (Blake and others, 1967). . Locally within the
Redwood Creek basin, texfure zones 1 and‘3 are in shérp contact with
no intervening zone 2 present. .

Naturally-occurring bedrock outcrops are- scarce iﬁ areas away
from the major stream channels in the Redwood Creek basin because of
i near]f ubiquitous mantle of colluvium and (or) re§idua1 soii which
supports dense vegetation. Distingufshing between residual soil, |
.and colluvium derived from deep residual soil and 'séprolite is often
- difficult, so we apply the term regblith to.the entire surficial mantl=s
of unconsolidated materials produced b} both hil]slopg erqsion.processss
and mechanical and chemicél weatheriné. Regolith includes sabro]ite,
colluvium, and residual soil.
| The rocks of texture zones 1 and 2 bear quite simila§‘rego1iths.
The thickness of the regolith is highly variable ranging from less thar.
2 feet (less than 0.6 meters) along many hilltops and divides in the
Southern part of the basin, to more than 13 feet (more.than 4 meters)
0" some broad divi&es in the northern part of the basin, in some
landslwdes, and on many other mid- slope and lower-slope s:tes The
EVerage thickness, however, is probably less than 6.6 feet (less than
2 meters). The colluvium is mostly stony loam and stony-clay loam

_t"at appears to represent eroded .saprolite and residual soil. Some
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open-worked angular rubble on steep sandstone slopes in the eastern
parts of the Lacks Creek and Minor breek basins, and-at the margins
of large isolated "knocker"-like outcrops of sandstone and grcenstons
in zone 2 and the western part of zone 1 is rockfall talus derived
from relatively fresh rock materials; some talus has been displaced
downslope by creep. Most of the residual soils in the Redwood Creek
basin have formed on stabilized colluvium rather than on in situ
bedrock.

Type and degree of soil profile developﬁént, as indicated on
1:31,680 scale soil-vegetation surveys (Alexander and others, 1959-62)
are virtually the same on rocks in texture ‘zones 1 and 2 with common

.soil series including Hugo, Melbourne, Mendocino,‘A‘l':well, Kneeland,
and Tyson. A few small patches of strongly developéd soils resgmbling
the Josephine soil series are found in association with the Hugo and
Melbourne 'soil series on midslope positiéns in the northern part of

the basin., Parent materials for the Hugo soil series appear less

-
-

deeply weathered and less cohesive in the southern part of the basin
than in the north. The Kneeland and Tyson soil series are grasslgnd
Soils; the others are all forest soils. The Hugo soil series is more
&bﬁndaﬁt than all the other soil series developed from texture zones

L and 2 combined (Ivatsubo and others, 1975, tables 2 and 3).

* The grain-size distribution and ped structure of all theée soils , -

€ive them high infiltratioé capacities and generally good subsurface
dr&inage. However, their surface horizons are’ dominantly loams and

W - - vy

Stony loams with little cohesion, so that when surface runoffRoes

13



occur, the erosion haiard is moderate to very high (Alexander and
others, 1959-62). '

Most of these soils, even though they are often developed from‘
deeply decomposed and leached parent materials, show only meager soil
profile development and are classified as inceptisols. The more
strongly developed Melbourne, Mendocino, and Josephlne soils are
ultisols. The inceptisols and ultisols both show decreasing pH and
(where laboratory analyses are available) base saturation with increas-
ing depth, The concentration of organic matter in surface horizons
and the higher base saturation of the surface horizons relative to
those at depth suggest that the reservoir of available essential plant
nutrients is concentrated in the surface and nearfsurfaqé soil horizons,

. and that the fertility of these soilé is strongly dei:endg’nt upon
nutrient recycling by plants (Buol and others, 1973, p; 278). The

physical removal of the surface horizons of these types of soils by, “for

example, earth-moving equipment or erosion, thus would result in a significant

loss 1n the potential site productivity.

-~

The Atwell soil series is developed from pervaélvely sheared rocks
within the western part of tex;ure zones 1 and 2 and along the north-
Dorthwest-trending faults in the basin. The Atwell soil series is not

.Sisnificantly more susceptible to surface fluvial erosion than other
S0il series in the basin (Alexanaer and others, 1959-62) , but parent
matenals for this soil series are particularly susceptible to repeated

mass movement failures (Stone and others, 1969). The soil parent are,

therefore, relatively
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unweathered rock and colluvium. 'Thesc soiis commonly haQe more
c]ax,and higher pH and base saturation values than s6ils developed
from less sheared rocks within texture zones 1 and 2. Their pH and
base saturation do not necessarily &ecrease with increasing depth.
The Atwell soil series is, therefore, quious]y classified as either
an alfisol or an Q]tfso? depending upon the results of laboratory -
studies of individual soil profiles. . |

Rocks of texture ione %,which.have previously been mapped as the
Kerr Ranch Schist of Manning and Ogle (1950), consist mostly of lignt
to medium gray, well foliated quartz-mica -feldqur schist and quartz-
mica schist.‘ The schist has recrystallized to form alternating
individual ]amfnae, a few millimeters in thicknesg, that are either
predominantly hica, or predominantly quartz or quartz and feldspar.
Other common rocks within texture zone 3 are quariz-ﬁica-graphite
. schist, phyl]ité, both massive.and foliated greenish-gray metavolcanic
rocks, amphibolite, and metachert. | ST

'Lens-]ike'and vein-like quartz segregations are abundant throughout
texture zone 3. Petrographic examination of thin sections (Manning anc
09191.1950) and hand specimens suggest that this unit contains rocks frin
both the greenschist and the glaucophane schist faciés of regional
Netamorphism (Turner and Verhoogen, 1960). The metasedimentary rocks
appear to have beéﬁ derived'from a suite of sedimentary rocks that was
Dreddminaqtly finer grained than most of textﬁ}e zone 1 in the Redwood
-Creck basin. In most localities the foliation is well‘developcd. steeply

"dipping, and intricately deformed.
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Rocks of texture zone 3 crop out fhroughout the western half
of the Redwood Creck basin and in a.separate north-northwest trendiﬁg
belt in the eouthcastern corner of the basin (fig. 3 ). -

The unnamed weakly indurated Pliocene coastal plain sediments
that unqerlie most of the Prairie‘Creek basin (Diller, 1902;.Strand,
1962, 1963; Meore and Silver, 1968) are several hundred feet thick and.
in'part auriferous. Diller (lQOZ)interprets these roeks as being
deposited in an ancient mouth of the Klamath River. The unit, however,
has not been studied in detail and some littoral and (or) estuarine
deposits crop out in the southern part of this unit. Multiple cycles
of deposition may be recorded. .

there schist ;nd sandstone cfop out in close -proximity to one
another, as in the drainage basin of Harry Wier Creek, regolith derived.’
from the schist is generally deeper, redder, f1ner grained, and more
coheslve than that derived from sandstone. These d1fferences reflect
the fact that the schist uéually mechanically breaks down into finer,
Wore weatherable fragments than the sandstone. The small size of the
schist fragments, in turn, results from the schist laminae being many
times thinner than the sandstone beds, and from the more abundant,
ctlosely spaced joints and faults of ;mal] displacement iﬁ the schist.
Clay is more abundant because the metamorphic mfnerals.are more labile
; "th respect to chemical weathering than the primary minerals in the

ksﬁndstone and shale.
developed
The most common soil serles/on texture zone 3 schists are, in

Order of increasing degree of soil profile development, Mastemson, Orick

2d Sites (Alexander and others, 1959-62). The Masterson soil series
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underlies about 22 percent of the entire basin, makfng it the most
abundént soil series in this basin‘(Iwatsubo and others, 1975, Tablés
2 and 3). This soil series is an inceptisol with infiltration capacity,
subsurface drainage, and susceptibility to surface fluvial erosion
comparable to those associated with the Hugo soil series. The Orick
and Sites soil series are ultisols that also héve high infiltration
capacities and generally good subsurface draiﬁage. However, these
soils are somewhat more clayey and cohesive -than either the Masterson
soils or the soils derived from sandstone and mudstone. When surface
'runoff does occur, the Orick and Sites soil series, therefore, are only
mderately susceﬁtib!e to ;urfa;e fluvial erosion (Alexander and others,
) .1959-62). As in the case 'of soils derived from’ ;ahdstone and mudstc-netv
" the available plant nutrients are concentrated in the surface and near
surface soil horizons of the schist-derived'sojls. Atwell soils are
mapped on.pervasively sheared schist as well as sandstone; tée pervasive

-

'shearing apparently determines the dominant profile characteristics
déspite profound differences in primary mineralogy. )

The youngest stratigraphfc documentation of the geologic history
Of‘the Redwood Creek basin is provided by remnants of alluvial strath
terraces along fhg main channel. These are preserved primarily on
reI;tiver stable drainage divides of tributary basins, and even there

tﬁ;%upper terrace surfaces are often drastiéﬁlly modified by erosion

or burial by colluvium. These terrace remnants, except for the area
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petween highway 299 and Lacks Creek, are for the most part less than 10
acres (4 hectares) in size. The alluvial terrace veneer consists of
coarse gravelly alluvium no more than 33 feet (10 metres) thick, which
is a thickness comparable to or only slightly greater than the thickness
of presently active alluvium along the main channel. No evidence for
thick alluvial fill caused by landslide dams, sea level oscillations, or
persistent major changes in load-discharge relationships has been found.
The stream terraces along Redwood Creek, therefor;, most Tikely reflect
progressive downcutting.

The alluvial terraces along Redwpod Creek contain no fossils and can
be.dated only by comparing the degree and type of soii profile development,
‘ne-weathering characteristics, and erosional modification that they
_display with that displayed by better dated, lithologically similar
sediments under comparable veQetal and climatic conditions. Provisional
ages have been assigned to the alluvial terrace sediments of Redwood
Creek primarily on the basis of comparisons between these sediments and
the glacial ti11 and outwash in nearby areas of north-western California
(Davis, 1958; Sharp, 1960), and a sequence of highly fossiliferous - 4.af> ]
coastal deposits near Cape Blanco, Oregon (fig. 1) (Janda, 1970). These
Comparisons suggest that eroded patches of alluvium as high as 490 feet

| (150 métres) above the present channel of Redwood Creek are mid-
PiE}éiécehe or younger, and that terraces as high as 90 feet (27 metres)
-ﬁbove the present stream are at least as old as the more than 20-thousand
’eﬂr-o1d Tahoe (early Wisconsin) Glacier, but no.older than the prominent low

‘%Stal terraces thought to be about 120,000 years old (Birke1and and.
Others, 1971).
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FAULTING
A1l contacts between unmetamorphosed Franciscan sedimentary rocks and
schist within the Redwood Creek basin have previously been mapped as high
angle faults (Manning and Ogle, 1950; Strand, 1962, 1963). These units
are separated by the north-northwest trending South Fork Mountain, Grogan
and Bald Mountain Faults and numerous smaller cross faults (fig. 3). These
large north-northwest trending faults, however, were mapped prior to recog-
nition of the transitional texture zone 2 rocks..'Moreover. the geometry
of the proposed faults, and their sense and history of movement are
accurately known at a few localities. Recent mapping in the Willow Creek
Qdadr;ng]e (Young, in press) suggestg that the thrust-related metamorphic
gradation proposed fﬁr the South Fork Mountain Fault in the North Yo]a Bolly
,rea may also apply to the South Fork Mountain and Grogan Faults in the
southeastern part of the Redwood Creek basin. However, the Grogan Fault,
which is closely fo]1owed by the main channel of Redwood Creek for many
miles, appears to be quite complex. At some localities the metamorphic
gradation appears incomplete or even nonexistent. Intensively sheared
rocks and serpentine are locally associated with this proposed fault.
W¥hatever the tectonic nature of the South Fork Mountain and Grogan Faults,
Bany mass movement failures occur in the disrupted rocks along their traces
(Colman; 1973; Young, in press). The Bald Mountain Fault in the vicinity
of Lord E11is Summit appears not to be associated with any texture zone 2

'“Ck§ (Harvey M. Kelsey, written communication, 1975).
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Some arcas of pervasively shéaned rock occur within the belts of
schist and saﬁdstoﬁe, as well as at their margins. Some of these areas
appear to line up with one ahother;_and with'ﬁli;éd topographic features
to define north-northwest trending shear.zones or faults. The two most
prominent exampies are ]ineaments.defined by linear reaches of Minor
Creek and Lacks Creek, and by linear reaches of Bridgé Creek, Devils
Creek, and tributaries to Panther Creek. Pgtches of the Atwell soil series
(Alexander and others, 1959-62) anq numerous recent landslides (Colman,
1972) are mapped along these two 1ineaments.

_The north-northwest trending féults in_the southern part of the

dwood Creek'basiﬁ are apparently not active at the present time. At
least two.of these faults, the Grogan and Bald Mountain Féu]ts, are
offset by high angle, east-northeast trending faults yhfch also offset
the fault-bounded trough of Fallor Formétion é]ong the northeastern
side of the Mad.Rfver valiey (ﬂanning and Ogle, 1950); The Fallor
Farmation consists of more than 2300 feet (more than 700 meters) of ~
marine, estaurine, and fluvial §ed%ments containing abundant late Plicczne
molluscan fossils (Addicott, 1974). |
| }n the northern part of the basin the Grogan Fault apparently has
®moved in post-Pliocene time as it'offsets the unnamed beds of prbbabla

- Pliocene age that underlie much of the Prairie Creek basin (J. C. Young,

_oral communication, 1972). "Additionally, Franciscan sandstones appear
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to have been thrust over the same unnamed beds in the northern Lost Man
Creek basin (J. C. Young, oral comm&nicat;on, 1972).

No historic earthquake epicenters have been recorded in thé Redwood
Creek basin. Earthquakes, however, commonly do occur along a line
extending eastward from near Cape Mendocino, in the Eel River embayment,
and off the preseﬁt shoreline. Ground vibrations from these nearby
earthquakes are felt in the Redwood Creek basin. Seismically-induced
stresses, therefore, should be included in'éonsiderations of hillslope
stability in this area. '

REGIONAL SUBSIDENCE AND UPLIFT
A sequence of lagoons and alluviated coastal Ya}léys between Big
.agoon and Orick attest to recent submergence. Holocene rise of sea-
" level probably'accounts for most of this submergence, but some may reflect
tectonically-induced subsidence. Sea cliff exposures ét Gold Bluffs
and between Patricks Point and Big Lagoon show cogtinehtal'sediments of
Pliocene or P]eigtocene age warﬁéd“be]ow sea-level (Moore and Silver,
1968). Offshore, these rocks appear to be folded into northwest-trending
folds with dips of generally les; than ten degrees and an average waveleng:n
of about 3 miles (§ kilometers) (Moore and Silver, 1968).

Late Cenozoic tectonic uplift of the inland -portion of the drainage
F‘Siﬁs of Redwood Creek and surrounding streémg'profoundly influenced
t°P°9r$phic development and pregedt erosional proéesses in these basins

by Causing deep incision into rocks that had been intensively fractured
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and sheared by qarlier tectonic act{vity. Progressive channel incision
is recorded by ridgé-capping stream gravels ihmediately east of the-
Bald Hills (Strand, 1963), the "Second and Third Cycle" auriferous
gravels of the Trinity River (Diller, 1910), the strath terraces along
Redwqﬁd Creek, and similar terraces along the Mad and Van Duzen Rivers
(Harvey Kelsey, written communicétion, 1975). This uplift, at least
locally, extends westward to the present coast, as documented.by the
sequence of coastal terraces that between McK%nleyvi]]e and Patricks
Point extends up to an altitude of at least 1,280 feet (390 meters).
These coastal terraces are probably entirely of Pleistocene age as they
are cut, in part, across sediments containing mid-bleistocene molluscs

.‘nd mammals (W. 0. Addicott and Charles Repenning, oral cpmmunicafion,
1973). Moreover, even the highest of these terraces displays a degree
of soil prqfile development comparable to that shown by fossiliferous
mid-Pleistocene surficial terrace’sedimeﬁts in southwestern Oregon.
The océurrence of the strongly de&eloped Sites and Josephine soil series
on and near some broad, gently sloping drainage divides, in contrast to
the occurrence of the less stro;gly developed Orick, Masterson, and
§heefironx series on adjaéent lower h%llslopes may provide additional
evidence of recent .incision in areas without geologic deposits (Zinke

' "Tand Colwell, 1965).
-, MATURAL RATES OF EROSION
The distribution of certain Pliocene and duaternany sediments,

- 2
. Yandforms, “and soils allows limits to be placed upon natural long-term
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avefage rates of erosion in parts of northyestern California and
southwestern Oredon'(Wahrhaftig and Curry, 1967; Janqa, 1971, 1972). j
The volumes of rock eroded from beneath coasta; landforms that are thinly
mantled with fossiliferous marine sedimenfs/igat range in age from about
80,000 to 10 mi]iion years suggest ad’average long-term erosional
lowering of the.landscape of less than 0.5 foot (0.15 meter) per thousand
years. Franciscan.rocks or rocks of the Iitholo@ica]ly and structuéa]ly
similar Qtter Point and Rocky Point ?ormatiohs accounted for all of the
eroded volume except for that associated wifh the surficial veneer of late
Cenozoic sédiments.
Four aspects of the geologically computed average rates of landscace
‘owering must be stressed. First, these rates are an upper limit on tne '
long-term éverage in the areas for which they were computed, Whenever .
any uncertainty existed concerning either the;age_or the volume of eroded
" material, the assumption that maximized fhe erosion rate w&s chosen.
§ggggg,'expressing erosion rateé'as the average lowering of an entire
drainage basin is misleading becéuse efosion is concentrété& along strearn
channels and landslides with re]hti§e1y little erosion occurring along
drainage divides; nonetheless, this procedure does allow for convenien:
Comparisons betweénvdifferent drainage basins. Third, these Yong-term
_Pates are the average of periods of slow.erosion and periods of rapid
Erbsion. Rates may have increased through time in response to increases

In local relief and surface area caused by progressive stream incision;

Yates may d1so have responded to Quaternary climatic fluctuations,
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eustatic changes in sca level, and tectonic events. Fourth, average

rates of landscape lowering cannot be computed for areas where erosion
has been so severe that reconstruction of the original landform is nd
longer possible. The degree to which the first and fourth items cohntcr-
act one another is not known. .

A geologic check on the reasonab?enéss'of the long-term erosion
rates based upoﬁ volumes of eroded rock is provided by the long-term
rate of sedimentation in the deep ocean and the centinental margin.
Recent geophysical work summarized by Silver (1969), indicates that
rivers and seacliff erosion provided the ocean off northern California

13 cubic feet (69 x 10]2

and southern Oregon with not more than 8f.4 x 10
ic meters) of sediment during the last 5 million years. This would

require erosion of about 61.4 x 10]3 cubic feet (52 x 10]2-cubic meters)_‘

of rock and suggests a long-term average rate of erosion of 0.9 foot

(0.26 meter) per thousand years. Si]ver‘(oral.commUn.; July, 1972)

Stresses that the sediment volume presented in his thesis is an upper

linit on the actual volume; the actual volume may be only Gd-percent

of this limiting value. Silver alﬁo indicates that some of the sediment

‘"Clﬁded in computing that volume may have been derived from the Columbia

River rather than from drainage areas immediately_onshore. Cbviously, ths-,

the rates of erosidnAderived from the estimated volume of sedizent depositad

d“""Q'the last 5 million years should be considered an upper 1imit on .

the actual rate. The second and third items of concern in tke preceding

Rragraph also apply to this rate.
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'Reconstrhction of an old landécape that can serve as a
satisfactory reference in computing long-term rates of landscape
lowering in the Redwood Creek basin is not possible because'the
preserved patches of terrace gravéls and o1d soils are too small
and widely scattered. Moreover, lithologic diversity of the bedrock
probably always resulted in a complicated 1aqucape of moderate relief.

An ubper limit on the ]ong-term average rate of erosional lowering
of the Redwood Creek basin can be Ealcﬁiated,based on the assumption
that during late Pleistocene and Holocene time the main channel of -
Redwood Creek was lowered more rapidly than the drainage basin as a

‘lhole. This .assumption seems justified in light of available physio-
graphic and pedologic evidence. As discussed in the physiography section
of this report, cro;s-va]]ey profiles of the Redwood Creek basin show
irregularl}, convex-upward hillslopes with thé stegpést slopes being
adjacent to Redwood Creek and its more deeply—in;ised tributaries.
Hillslopes adjacent to these chénne]s show thinner, less strongly
developed soil profiles and more active mass movement thén hillslopes
farther away from the channels. Bedrock outcrops are common in and
adjacent to the c;eek, whereas they are uncommon elsewhere. The overall
Impression is that’hi1ls]opes adjacent to the c}eek have been over-
Steepened by active channel incision. The extensive mid-slope and
Upper slope areas.of strongly developed Sites, Orick, Josephine, and
He1b0urne.soﬂ series, on the other hand, attést to much slower rates

of erosion. Weli-drained ultisols with strong brown or redd¥$h-brown
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colors, and well-developed textural B-horizons are found only on sediments
and landforms thaé are at'least several tens of'thousqnds of years old
and that are usually more than 100 thousand years old (Birkeland and others,
1971). Fully developed ultisols with brownish-red and red colors and
extremely argillic B-horizons, such as_the Sites and Joéephone soil series,
are foubd only on early and middle Pleistocene landforms that are at least
several hundred thousand years old (Trimble, 1963; Crande]l and others,
1965; Balster and Parsons, 1968; Janda, 1971). These soils could not per-
sist if erosion was vigorous as.the sites where they are preserved.

Soil stratigraphic correlations discussed earlier indicate that river

terraces up to 90 feet (27 metres) above Redwood Creek appear to be less

‘han 120,000 years old but more than 20,000 years old. However, the highest

of these terraces is probably at least 60,000 years old. The maximum

possible average rate of incision is, thus, about 4.5 feet per thousand

.years. Because the 90 feet (27 metres) terrace is probably more than

60,000 years old, a more realistic.upper limit on the rate of incision is
about 1.5 feet per thousand years. Therefore, during late Pleistocene and
Holocene time, the average rate of erosional lowering of the Redwood

Creek basin could not have been more than 1.5 feet per thousand years, and

Was probably much less.
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PHYSIOGRAPHY
GENERAL

The drainage basin of Redwood Creek (fig. 1) is composed of about 280
square miles (725 square kilometres) of rugged terrane within the North
Coast Ranges of California. The creek flows into the Pacific Ocean about
17.5 miles (28 kilometres) south of the mouth of the Klamath RiJer and
37.5 miles (60 kilometres) north of the mouth of Humboldt Bay. The
midpoint in the basin is about 24 miles (39 kilometres) northeast of
Eureka. The basin is strongly elongated in a north-northwesterly direc-
tion and is about 56 miles (90 kilometres) long, and 4.5 to 6.9 miles
(7.2 to 11.1 kilometres) wide throughout most of the basin. The elonga-
tion ratio for the basin is 0.34.

. The intricately dissected drainage basin is characteriz:ed by high
rglief, moderately steep to steep unstable hillslopes, and narrow valley
bottoms. Hillslope steepness and instability, however, are not particu-
larly excessive in the Redwood Creek basin felative to most other drainage
basins {n north coastal California. The drainage density for streams
indicated by ﬁlue lines or inf1ection$ of contour lines on 1:62,500 topo-
graphic maps is about 7.7 miles ﬁér square mile (4.8 kilometres per square
ki1Qmefre) for the basin as a whole with the headwaters showing a slightly
Qfeater density than downstream areas (Iwatsubo, and others, 1975). The
tota] basin relief is about 5300 feet (1615 metres). Cross-sectional
Telief normal to the basin axis }anges from aboﬁt 200 feet (610 metres) -

in the north, and more than 3000 feet (914 metres) near the head of the basin
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(;ig.q ). Throughout the entire basin the eastern drainige divide
stands higher than the western divide (fige. 4 ‘). The relief within
individual tributary basins ranges from 1320 feet (402 meters) to
3833 feet (1183 meters) with all valhues less than 2000 fzet (610 meters)
being restricted to small northern tributary basins. Th2 highest peaks
and greatest 1o;a1' tobographic reh’ef occur in the southastern part
of the basin near Spike Buck Mountain. The average hillslope gradient
for the entire basin, as determined by the W'enth;orth (1¢30) technique,
is about 0.26 (14.4 degrees). More than half of the incividual hill-
.steeper than 0.05
slopes/ ,however, display average gradients in excess of 0.35 (19.3
degrees) (fig. & ). The eastern sides of Minor and Licks Creek display
‘he steepest hﬂ]s]Zpes in the entire Basin. Flood plains are dis-
_ continuous and narrow with widths in excess of 200 feet (61 meters)
being uncommon except for areas between Minor C_reek‘an‘d Mill Creek,
mear the mouth of Lacks Creek, and near Orick. The pau:ity'of flood
Plains means the active stream channels often abut. directly against
the hillslopes. From several vantage points within the baSi;l, an
fnner valley appears to be incised ihto_an-older landscape with
Considerably less rélief than the present landscape (Diller, 1902).
RILLSLOPES

,,\k"et“ic Properties
-l ee —_t -

Hﬂ}'slope length, steepness, and shape provide’ important -indications
"" the relative susceptibility of hillslopes to variows erosional processes
(Ca;- SPn and Kirby, 1972). These properties were deternined at 473 points

)

that . _ .
B Portion of the basin that lies upstream from the mouth of

N -
3 rectangular grid superimposed on a 1:62,500 topozraphic map of
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Figure 6. Histograms showing the distribution of length
and stecpness (i.e., gradicent) of 398-wgndomly
selected, individual hillsides that display
gradients stceper than 0.05 and that are located
within the Redwood Creck basin upstream from the
mouth of Prairic Crceek.
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.‘alme Creck. The drainage basin of Prairie Creek was excluded
because of gross differences bctween the erosxona] resistance of the
bedrock there and in the upstream portion of the ba§1n. Measurements
vere made at each Qrid point along a line drawn normal to the contour
lines and extended from the nearest divide to the nearest valley.
Many of these divides and valleys were défined by rather subtle contour
inflections. :

-

Seventy-five bf these points on the sampl{ng grid were located
on flat drainage divides, alluvial terraces; or flood plains with
gradients of less than 0.05. Most of these points are located on or
near the western drainage divide. Because hillslope characteristics
could not be adequately determined for these sites with existing topo-

l.graphic maps, these poin?s were excluded from the aﬁalysis. The
topographic map measurements at the.points with gradfgnts in excess of
0.05 are summarized in figuke S .

Hillslopes steeper than O. OS are highly variable in length. The
mean length is about 1600 feet (488 meters) but the standard deviation
is about 63 percent of the mean. More than 36 percent of the measured
slopes are longer than_2000 feet (610 meters). Although hillslope
gradients also sh&Q a wide range of values, they are much less variable
than lengths. The mean gradient df hillslopes steeper than 0.05 is 0.34
(‘3 8 degrees), and the standard deviation IS about 32 percent of the
'Eaﬂ- Twenty-five percent of the measured h1llslopes have grad1ents'

" Steeper than 0. 40 (21.8 degrees). The angle of internal friction for

. %05t colluvium in the Redwood Creek basin appears to be at 'least 0.50 (26.6

— e .

.. 989rees) as debris slides and avalanches are restricted to hil 1slopes

steeper than this; twelve pcrcent of the measured h111s]ope gradients

Q
i 'e steeper than 0.50. 32



‘The steeper hillslopes are most. ;bundant;. along the more deeply
incised streams. Moreover, the streamside segments of the individual
hillslopes throughout the basin are generally steeper than segments
near the drainage divide. Fully 75 percent.of the sampled hillslcpes
steeper than 0.05 have lower ends; that are as steep as, or steeper
than, their upper ends. For exam‘p}'e, 284 Abney level determinations
of hﬂ]slo;ie graciieh"cs immediately adjacent tc; Redwiood Creek between’
Rodiscroft Road (about two miles above Snow Cén;p Creek) and the mouth
of Hayes Creek (Colman, 1973) have a‘mean of 0.60 (31 degrees)
(Standard deviation, 0.08) which is nearly twice as'steep as the mean

qf the hﬂls]obe gradients determined from topographic maps.

Mass Movement-Related Landforms

Many hillslopes in the Redwood Creek basin are unstable and highly
susceptib'le"to mass movement failure because of tﬁe .sti'eepne'ss of the
terrane and the 1.ow shear strength of many of the ‘ur.\deﬂying rocks and
soils, At Iéast 36.4 percent of’tﬁe basin .upstrea.\m from Prairie Creek
shows landforms suggestive of former mass movemert failures (Colman,
1973}, Several other areas in addition to those shown on Colman's
(}973).maps appear to have been eroded by mass movement. Steep, -
‘,’tf‘ai‘gll’\t. colluvium-veneered hﬂ]slbpes, su»ch as those in the drainage
Basin of Lacks Creek and Lost Man Creek, are sculptured by infrequent

-:‘a“gtéfsﬁa'l'low debr‘i‘s slides and avalanches. The smodth convex-upward
h“klopes. such as the northeast - and Aeast-no;-theast - facing slope

“""‘Ediate]y upstream from the mouth of Bridge Creek appear to result

33



primai‘ﬂy from creep (Gﬂbert, 1909).. The steep lower segments of the
creep-sculptured hiﬁslopes shov numerous sr'na'll scale descrete
failures involving both rotational and translational movement. The
deeply .incised amphitheater-shaped drainage' basins of Colman (1973)
and perhaps some ef the large scale hillslope irregularities and
drainage anomahes upstream from h1ghway 299 resu]t part'ly from old
stream-modified, deep seated mass movement. _Ev1dence of old deep-
seated mass movement in the Redwood Creek bas%n, however, is not as
prominent as in many nearby drainage basi ns.
Complex associations of sldmpingy and flowing movement

assifiedlas earthflows are the most visually obvious forms of mass:
movement in the Redwood Creek basin because the eafthflows usually
bear grass, grass-bracken fern, or grass-oak vegetation that stands in
marked contrast to the mature coniferous forest or cutover land
Mjacent to more stable slopes. These are large-scale landforms with
dimensions measured in terms of hundreds and thou_sands of feet. These
features underlie about 13 percent of the drainage basfn upstream from
the mouth of Prairie Creek (Colman, 1973). Earthflows all show
?’Gni'nagf: scarps, flats, and hummocky end lobate microtopography. Some
f.i‘f’f. Ciearlx_ defined-margins but others gradually merge with areas of

-

s:(-, Cag
3 S iay
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i ’ § e 0
% .\_ <o

-

g Yy Slumps ‘are intact blocks of soil and rock that have moved with

]
. baCkward rotation, primarily along concave-upward failure surfaces

Pure slumps are uncommon in the Redwood Creek basin.
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activé soil creep. Earthflows commonly become in'creasingw active
downsiope. The more active portions of these features. show .
unvegetated or partly vegetated scarps, open lateral and transverse
cracks, closed depressions, areas of bare mineral soil and di.scon-
tinudus gullies. Depths of movement probai;'ly range from a few .feet
to sev'era'l tens of feet. Field exéaminatibn of surficial morphology
and comparison of sequential aerial photography suggest that most of
the ground disruption is caused by differential movement and that rates
of.surf'icial movement on most flows within the Redwood Creek basin are
usually less than a few feet per year. Several of the more active
flows may move a few tens of feet per year. These earthflows are, thqs,
.ch less active than similar features in the nearby Eel (Dwyer and
others, 1971) and Van Duzen (Harvey Kelsey, written communication, 1975)
drainage basins. Although they presently. appear to be-eroding more
rapidly than the adjacent hillslopes, the earthflows in the Redwood
Creek.basin are for the most part n-o.t deeply incised into fhe slobes.

: Figmje 7 shows CountsHill Prairie, a typical large éompound
earthflow on the eastern border c;f Redwood National Park.  Detailed
iews of varjous parts of this earthflow are contained in photo essay
Prepared by Earth Satellite Corporation (1972, figs. 50, 52, 53, 54,
ind 71). Other earthflows are shown in figure 13 and IS in this report
ind in figure & of ‘the Earth Satelli te.Corporation' (1972) rep‘ort,

The c;alluvium in earthflows within the Redwood Creek basin is-

,'°3ﬂ¥ stony sandy loam; large blocks of bedrock are not common. Some
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earthflows merely move colluvium into temporary stor_atje farther dov.-m;

slope, but others deliver significant quantities of sediment.to Redwood
Creek and its major tributaries. Sedjment delivery is effected by
sloughing difect'!y into major stream channels or into well developed
shallow gullies within the earthflows. Thus, much of ;‘,he‘ earthflow-
derived sediment in the main chan;\els is delivered by small scale
fluvial processes rather than directly by mass movement. Most of the
material delivered to the streams is sand-sized or finer and capable
of being transported in suspension; .prgbab]y less than 30 percent of
‘le earthflow-derived sediment is transported principally as bed load.
Rock and debris slides are anothgr visually obvious form of mass
" movement within the drainage basin of Redwood Creek. These features
underlie only slightly more than oné pe'r'.cent of the\tota] a-rea but
they are concentratfed along the channels of Redwood Creek and its
®jor tributames where they loc:,any are a dominant landscape feature.
Slides are generally smaller than earthf'lows with their surficial
dimensions measured in hundreds of feet. Lengths ra'rely exceed 1000
(305 metres)
feet -.and are usuaHy two to five times larger than the wxdth Depths
-39“!\ range from a few feet to a few tens of feet.
. Stides are charactemzed by dominantly trans]atmnal movement of
“"Ying amounts of rock and regolith along a reasonably p]anar faﬂure
’erace or zone that is essenhalAly parallel to the hillslope. The_

Raterial in the slide block is usually completely removed from its -

original 1ocation leaving behind an unvegetated scar with sharply defined

17



“margins. Although the initial movement involves little internal
disruption, most of these blocks have little cohesion and ccmmonly ‘
become intensely disrupted as movement progresses., Typical streamside
slids are shown in figures 11, 15, and 18 in this report and in figures
57, 59, 60, and 64 in the Earth Satellite Corporation report (1972).

Most slides within the Redwood Creek basin have moved repeatedly.
Many recently active slides occur within larger areas with morphkologic
and (or){vegetal evidence suggesting former failures. Individual
episodes of movement that produce ;arge unvegetated scars take piace
in a relatively short time (seconds to minutes). Beyond the margins
of the raw slide scar, however, tiited tregs and open tension cracks
freéuently a@testtfo prolonged slow movement thatabqth preceded and
. continued after the principal failure. Slides commonly grow upslope
because of the removal of lateral support. Some mid-slope slides also
enlarge dqwnslope by overloading the lower hillslope ﬁith slide debrié.'
Some midslope failuvres iﬁvolve minor rotational slumping ;s well as
translational sliding. - '_

The lo&er segments of hillslopes within the Redwood Creek basin
bhave thicker regolith, steeper gradients, wetter soil moisture regimes,
and gregter susceptibility to sliding than upslope segments. The
Susceptibility to.sliding is enhanced at streamside sites by lateral
channel erosion removing lateral support from the bases of these slopes,
However, not all the streamside slides in the Redwood Creek basin
result from undercutting., Many slides have f§iled, particularly those
with toes buffered by rock outcrops or areas of overbank deposition,

because of excessively high-pore pressures and scepage forces generated
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during major rain storms or because of changesj in slépe configuration
and moisture regime brought about by road construction and tfmber harvest.
The sediment transported by slides in the Redwood Creek" basin show
very poorly sorted grain-size distributions. Cobble-size and.'larger
sediment is generally more abundant in slides than in ‘earthflo‘ws. Stides
are major sourc-eg of actively trarnsported streani bedload and large bedrcck
blocks that accumulate as lag concentrates along some channels. Most
slide-related sediment is delivered to streams by large-scale failures
triggered during major storms; minor sloughing and gullying after the
pr‘incipal failure contributes lesser amount of sediment.
Debris avalanches, flows and torrents, a tran51t1ona1 series
‘wolvmg successively greater water content and lower v1scos1ty. are
also ‘much in evidence in the Redwood Cregk basin. These phenomena all
favolve chaotic rapid downslope n;ovement of $oil, coll.uviu:n and |
associé};ed organic debris along’relativew narro.w. well-defined tracks.
The tracks often follow natural drainage ways or man-induced gullies.
Avalanche deposits tend to be completely chaotic in grain-size distribu~
tion, surface morphology, and 1nterna1 structure. Debris flows, in
COntrast show surficial concentratwns of coarse material, levees,
and Tobate surface form. Debris torrents are indicated by scoured
mmy walls and ﬂoors, and often lead into severely agraded stream
dﬁm\els A]though numerous debris avalanches, flows, and torrents
“‘“" in the Redwood Creek basin, they underlie less than one percent
’“f the total area upstream from Prairie Creek (Colman, 1973). Nonethe-
ess, these phenomcna do move sediment directly into stream channels
'"d are a major source of both bedload and suspcnded sediment.
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Debris aya]anches, flows and torfents-are mére prevalent along
road$ and in recent timber harvest units than in undisturbed forests.
These sha]lowrseated failures, however, are apparently more common in
some other logging-impact-study areas than in Redwood Creek ($wanston.
197/; Swanson and Dyrness, 1975). The loﬁer'incidence in Redwood Creek
probably reflects lower hillslope gradients, different timber types,
and different forms of ground disturbance here.:

Small-Scale Fluvial Landforms

Despite the presence of dense vegetation and highly permeable .
régolith, actively eroding rills ané shallow gullies are surprisingly
common in even the ;irgin forests of the Redwood Creek basin. These

‘eatures are ggneraﬂy more abundant on the Tower hi'ﬁsIOpe segments-
than near major drainage divides. Some rills are initiated by springs
that emerge from shallow pits formed by .wind-toppled trees. Others
appear merely to reflgct local irregularities in'tﬁe depth and.
permeability of the regolith. The geometry and direction of flow of
these rills and shallow gullies are controlled closely b} ;bots,
$tanding trees, and fallen limbé and trunks; as well és'by hil]slope
gradients and colluvium. The width aﬁd depth of these feafures are
GXtremely var1ab1e, but they are usually less than two feet (0.6
IEters) wide and six inches (15 centmeters) deep. Some of the smaﬂer
fbatures are only several- hundred feet long and end in small alluvial
cones. Others flow through to higher order channels.

’ Trunks and large 1imbs of wind- and slide-toppled trees often

F‘Vert water from established shallow drainage ways. The diverted water

Lo



!‘esults in locally accelcrated erosion by causing other establiched
drainages to enlarge their cross-sectional area or by eroding entirely

ncw drainages,

In many recent logging units within the Redwood Creek’basin,
pa.rticularly in large tractor-yarded clearcutsyof old growth redwood,. .
roads, skid trails, layouts, and concentrations of slash have obliterated
the natural, small-scale hillslope drainage characteristies. MNMid-slope
roads often have been constructed with a smaller number of culverts
than thei'e are streams so that the natural drainage is intercepﬁed znd
concentrated, This concentrated runoff then erodes roadside ditches,
‘culvert outlets, and discharge channels, The erosional impact of con-
centrated and redistributed runoff may be augmented by increases in the

.total amount. of runoff, Eyidence concerning such increases, however,
is presently not con;lusive. (Available evidence is discussed later
in this report.) The net effect of this man-caused baring of mineral
soil and n;odification of natural surface runoff has béen 'i:o produce _
visually aﬁpar;nt increases in the size and abundance of Aerosional
landforms pfoduced by fluvial processes in recentl:;f cu‘béver land
relative t;o comparable virgin ;:err%‘n/. In general, recent logging in

most parts of the Redwood Creek tasin has accelerated fluvial erosicn

far more than mass movement.

e ——

-

Y Various silvicultural and yarding systems employed in the Redwood

Creek basin are described later in this report.
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’thnlor;ic and Aspoct Control of Hillslope Characteristics

The paucity of detailed geolegi‘c maps of the Redwood Creek basin
makes the coz:relation of hillslope cha.racterietics with lithology
tenuous. Nonetheless, the heterogeneous group of rocks within
textural zones 1 and 2 do appear as a group to show slightl& steeper
a.vere.ge hillslope gradients than fhose of textural zone 3, The
difference between an average gradient of 0.37 on textural zone 1 and
zone 2 rocks versus 0.32 on textural zone 3 rocks is statistically
s'ignificaht at the 99.5 percent level., The lithologic control of
hillslope gradients, although obvic;us throughout the basin, is more
pronounced in the southern half of the basin than in the north.
Reconnaissance obsérvations suggest that these pa.rf:s of textural zones 1

.a.nd 2, with ai)undant mudstone or tectonic shearing, :s.hot-r gentler
hillslope gradients and more abundant earthflows and slides than the
unit as a whole.

At least forty-five cross-sections of tributary valleys dlsplay
opposing valley sides with markedly different hillslope gradients.
Asymmetry is shown by tributaries draining all the prominent. lithologie
types in fhe basin, The northerly-facing hillslopes in all but
eight of the 45 most priminent examples of valley asymmetry have
ste<'!14>er gradients than the southerly-facing hillslope. - This asymmetry

. °3-nnot be satisfacforily explained by Coriolis force or bedrock
uth"lo&‘f and structu.re because the asymmetry occurs on both easterly

' ang westerly flowing streams and is at a high angle to the general
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trend of geologic structure. Hiilslopc aspect (orientation) control
of microclimate and vegetation does appcﬁr partly résponsible for the
asymmetry in gradient. North- and east-facing hillslopes throughout
the basin tend to show more arbo;eél vegetation and(or) a greater
overall vegetation density than their south- and west-facing
counterparts. Thesé vegetatiop differences probablf‘reflect the
fact that the north- and east-facing hillslopeg receive less insoiation
during the heat of the day and are, thefefbre, cooler and moister than
opposing south- and west-facing hillslopes. The extreme lateral
.Gariability in lithology and sttucgﬁre apparently ;£scures any
systematic basin-w;de slope aspect c;ntrol of gradients of isolated
'hillslopes because no statistically significant correlation between
hillslope orientation and gradient or length could be detected‘even
vhen the data were classified into broad litholggic ;pits, Nonetheless,
the basin-wide distribution of types of hillslope erosion processes
does appeai to relate to hillsiop; aspect. For ;xample, on south-
lna west-facing hillslopes, eanthflows are more prevalent ahd_§@aI1 scale
fluvial iandforms less prevalent than on north- and east-facing.bill-
slopes, An important corollary of these observations is that if
Teasonably subtle hillslope aspect controllgd diffe;ences in vegetation
. and qicréclimate have influenced hillslope form and process, man-indu;ed

)

Wodification of the natural vegetation may well -alter rates and processes

-

°f billslope eraston. .
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STREAM CHANNELS

Redwood Creck

Redwood Creek during low and moderate dischargés flows within an
unvegetated, gravelly "inner flood plain” (fig. 8) that is typically
two and a half to seven times as wide as the low water channel, The
channel with;n this gravel plain diéplays alternating meandering and
braided channel vpatterns with braided patterns being somewhat more
prevalent, The width of the unvegetated inmer flood plain allows con-
siderable insolation to reach the surface of the low water channel,
except where the inner canyon is particularly narrow of the riparian
vegetatibn is particularly tall. High insolation results in generally
warm (20°C¥5°C) average summer water temperatures along Redwood Creek;

' In most reaches, as discussed previously, rock and hillslope collu\fiwn'
abut directly against the active inner flood plain, but elsewhere a
narrow, densely forested "upper flood plain" (fig. 8) underlain by
5 to 15 feet (2 me%ers to 5 meters) of unweathered fine sandy loam
and silt loam is present. More than one unweathered upper flood plain
is present at many cross-sections, Some of the most magnificent redwood
groves wifhin Redwood National Park are on these upper flood plains.

The lower flood plain of Redwood Creek is completely inundated
Several times during the course of a normal winter stormAéeason. The
Wper flood plain, in contrast,‘is apparently completely inundated only
bY'maJor floods thﬁt usually occur not more than once or twice in any

8lven decade. At sections with more than one upper flood plain surfece,

Ly
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!lg.floods of January and March 1972 inundated only the lowest ope or
tvio éﬁrfaces. Furthermore, not all sectioés showing only one upper flood
plain were subjected to overbank\f]opding %n 1972. While this report
was in preparation, a similar pattern of inundation was associated with
the major flood of March 18, 1975. The frequency of overbank flooding,
therefore, varies from section to section and definition of a geomorphically
;ignificant “bankfull discharge" (Leopold and»others,'1964, PP- 3194322)
is difficult. ' ©o .

The origin of the multiple upper flood é]ain surfaces fs poorly undsar-
stood, but at least three, not mutual]y exclusive, processes may account
for them. First, multlple surfaces cou]d result from channel incision

caused by geo]oglcally recent uplift; this suggestion is compatxble wit

he sequences of alluvial strath terraces found throughout the basin thzt

|)

suggest that such processes wera operating during at 1east late Pleistocan
and early Holocene time. Secondly, the multiple surfaces may record
rapid deposiiion.associated with major floods of éifferent mégnitudes
(Helley and LaMarche, 1973); appéréntly even-aged stands of-_trees on

Some upper flood plain surfaces suggest that this ié true at least locally.
Thirdly, historical observations and depositional sequences exposed in
Cut-banks suggest fﬁat the principal areas of overbank depositfon along
Redwood Creek, unlike "normal® flood ﬁlains descéibed by Wolman aﬁd

.le°P°1d (1957), commonly receive dep051t1onal 1ncrements about 1.0 2 0.5
fe&tAtzt:itkod‘fr::; a) single flood event. Such rapid overbank depos1t1on Cay

Mow the upper flood plain surface to build up to the point that the
b f"eq"ency of overbank flooding is drast'ccaﬂy'reduced-.» -

Lo



During hish diccharge pericds when the cercek occupies the entire
area between its banks,; only a féw' large m.id-channel bars are emergent
and the creex dicplays a single sinuous channel., During these high
flows the thalweg wanders back and forth over the entire inner flood
plain causing considerable cut and £i11 (_for example, see cross-section
17 on figure 17), The inherent instability of the streambed material
and the paucity of pools suitable for léw-\-rater rearing 61‘:‘ fish appear
to drastically limit aquatic aausiac productivity.

For the purpose of discussing present channel characteristics and
processes, Redwood Creek can be conveniently divided into seven distinctive
reaches on the basis of field and aerial photograph observations of
stream-bank stability, bed material, channel obstructions, and fluvial

. erosion and deposition. _

Reach 7 4

The 44 miles (7 kilometers) of Redwood Creek upstream from Snow Camp
Creek (reach 7, fig. 9) is characterized by steep gradients, alluvial
deposits of" large grain sizes, .abundant log and debris jams, and extensive
streamside sliding (Colman, 1973).. Channel gradients rang; from 125 to
1000 feet per mile (20 to 190 meters per kilometér) with an average
8lope of 550 feet_ per mile (110 meters per kilometer). During
late summer and early auturn much of this reach is dry and intermittent.

. - Throughout most of this reach no upper. floc-jd plain is prescnt and
the active lower flood plain abuts directly against colluvial hillslopes.

Stream banks and adjacent hillslopes are extremely unstable and abundant

k7
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colluvium is‘fo;ﬁd in the channel bottom during fow-f]ow periods.
Approximately 64 percent of the stream banks in this reach display

signs of active erosion. Tractor logging of old growth Douglas~fir
forests during the late 1950's and.eérly 1960's has clearly accelerated
hi]lsl&pe and stream-bank erosion. Despite the infroduction of prodigious
quantities of coarse sediﬁent from streamside slides Qﬁd old cutover

land, the stream'typica]iy shows a single meandering channel, indicating
that velocities are sufficienf to transport most .of the sediment presently
supplied to the channel.

‘ About 30 log and debris jams haQe obstructed stream flow in the
upper reach and havéiacted as bed-load sediment traps. The storage
gacity of these traps has now been completely consumed. Streambed

A fo 30 meters)
elevations commonly fall 50 to 100 feet, on thg downstream ends of the
~ Jams, probably indicating the amount offﬁpstream.aggradatiqn. This
trapped- sediment forms the dnly alluviated sections in this reach.
_ Streambed material consisté-pﬁedominantly of subangular to
Subrounded cobbles and boulders;.ahéu]ar bedrack blocks several tens
of feet iﬁ diameter are abundant in non-alluviated sections. Bed
Baterial in this upper reach shows the largest average grain size of
Redwood Creek. Some culverts and logging cables have béeﬁ incorporated
nts the alluvium.
< Near the downstream end of this reach a steep cascade un&er]ain by

M accumylation of angular blocks of sandstone several tens of feet

1;9
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in diameter forms a natural barm’cr’vto upstream migration of anadromous
fish. Figure q shows two monumentecf stream channel cross sections
in this reach.

Reach 6

The most drematic examples of large-scale streamside instability
in the entire Recdw o.od Creek basin occur along the fourteen-and-a-half—
mﬂe(’;'ga'gfx/obggég Snow Camp Creek and hlghway 299 (Colman, 1973)
(reach 6, fig. 9 ). Flow is perennial throughout this and all
downstream reaches. Channel gradienis range frt;m 34 to 500 feet per .
mile, averaging 83 feet per mile. Wide alluvial reaéhes are more prevalent
than in reach selen " Culverts, logging cables, and ‘truck tires are
.:asionany foimd in the alluvium. Approximately 18 .large accumulations
of logs and wooden debris occur in this reach but only one is sufficiently
voluminous to act as an efficient sediment trap. Ot_her: debris accumula-
tions, howevér. are large enough to deflect the current against streamside
accumulations of c.:onuvium. App;-'oximate]y 62 percent of the stream ba‘nks'
;ﬂ this reach are actively eroding. Streamside sh‘dés otcur~on the outside
of nearly all of the channel .bend.s and are generally larger than the slides
in the headwaters. As in reach 7, erosion and stability of stream banks ar:
Streamside hiﬂs]opes.has been adversely impaéted upon by logging carried
?"t well before the creation of Redwood Natfona] Park.

Extensive ﬂat-topped gravel berms have been deposited in this

Teach on the insxdes of channel bends and in areas of abruptly increased

i
ﬁ&-dth or decreased gradient. Two distinct levels of berms are present.

— e g e
e e o - !E?



‘ top of the upper berms is approkimatcly 15 to 20 fect (5 to 6
reters) above the present thalweg; and a lower, less prominent, berm
occurs 6 to 8 feet (2 to 2.5meters) .above the thelweg. The upper berms
bear youn/'{alders, madrore, cedar, and Douglas fir see;ilings that
during the summer of 1974 were no more than 10 years old; thus, the'
upper berm may have teen deposited by the 1964 flood. The l;)wer berm
bears only a sparse cover of young alders and herbacevous plants and
probably reflects the 1972 flood. Many large upright conifers showing
rore than 200 annual rings have been buried and killed by the upper berm
deposits.
Despite large amounts of post-1964 alluviation, Redwood Creek
" maintains a single- predominantly meandering low-flow channel pattern
throughout this reach., Grain size of bed materia.l: is substantially
*  smaller fha.n in reach 7, with cobble gravel composing most of the bed
material and colluvium being less abundant., Pools suitable for rearing
Young fish are fewé those that are present are associated with turbulent
eddies c¢aused by large blocks of rock or accumulations of organic debris.
Figure 10 shows a monmnenteci cross section near the downstream
end of this reach; figure 11 provides photographic documentation of
geomorphic conditions along this reach,
Reach 5 . '
In the 16-mile-long (26 kilomet;ers) reach between highway 299 and
the mouth of Lacks Creek (reach 5, fig. 10), .the channel of Redwood Creek is

Quite variable in‘character but in gehera.l 1t becomes wider and less
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‘ccp than reach 6. The typical channel pattern in this reach is also
more braided than in upstream areas, The average gradient for the
entire reach ig 2k feet per mile (5 meters per kilometer), with the
gradicnt of the upper third being 32 feet per mile (6 meters per kilo- -
meter), and that of the lower two-thirds being only 21 feet per miie
(4 meters per kilometer). Humerous cozpound eartﬁflows along ‘the right
valley wall in the steep segment of this reach above Minor Creek
contribute large volumes of sediment directly to the éreek. Streamside
translational slides and debris slides, although smaller and much less
aoundant than along reach 6, are common on both sides of the creek.
The decreased abundance of streamside mass movement failures is partly
the resul% of increased width and frequency of occurrence of upper flcod
plains and low alluvial terraces whicﬁ buffer potentially unstable
Qllslope"s from the scouring action of flood flows. Logging of riparizn. .
vegétation has had less direct effect on the channel in this reach than
in upstream areas.A However, cattle graiing, sewage diSposél, and
construction of low-flow recreational ponds have altered the physical
and chemical characteristics of the creek. Approximately 56 percent
of the streambanks in this reach are actively eroding.
The increased channel width is most noteworthy in the upstrea;-::s:
13 miles (21 kilometers) of this reach. Several broad alluvial reacx:s
with active lower flood plains as much as 650 feet (198 meters) wide ccour
1n.thg Redwood Valley part of this reach. Those parts of these wide
areas that are not persistently inundated by normal winter storms
disPlay a several-feet-thick gravel veneer implaced by the
.972 flood; this gravel veneer is t‘h‘,’, ,upstremnamost-evidence-,@

of najor deposition associated with 1972 flooding. Recent



aggradation in some of these alluviéied area; has nearly obliterated
the streambanks that separate the lower anéfupper flood plains.

The downstream end of this reach displays a series of tight meanders

(¥6 1o GI r-efers)

inciscd 150 to 200 feet into Pleistocene terrace gravels and underlylng
bedrock. These meanders have amplxtudes‘onBOOO to 4500 feet (91h to 1372 metefs)
and stand in marked céntrast Eo the less sinuous course of Reqwood Creek
in upstream and downstream re;ches. The degree to which the occurrence
and morphology of these meanders reflects localized vagaries in“geoldgié
structure is not known. A

Cobbles and boulders in the alluvium of this reach are less abundant,
smaller in diameter, and more rounded than in upstream areas. Moreover,
'ncreasing amounts of fine pebbles and sand are mixed in with the
streambed materials. In fact, the surface of some of the gravel is strongly
impregnated by fine sediment. Several large accumu]atgons of logs and
other wooden debris occur in this reach but they do not appear toAhave
¢mﬁed the sfﬁeam or even to have caused major defiection of its thalweg.
Metal artifacts, including culverts, logging cables, and automobile parts
are more abundant in this reach éhan any other. Some large.pools suitable
for rearing young fish occur in the steep rocky section above Minor Creek
and in the incised meanders. In the intervening section pools are
Pearly nonexistant. |

Figure 9 shows two monumented stream-channel cross sections in .

fiawe 43

this reach; ° . provides photographic documentation of geomorphic

.
.

,conditions along this reach.
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Reach 4
The 8.8-mile-iong (14 kilomeoter) reach between Lacks Creek and Copper

Creek (reach h, fig. 14) is characterized by a single sinuous rocky channel
completely lacking upper flood plains and alluvial terraces. Channel. -
gradients range from 19 to 30 feet per mile (I to 6 meters per kilometer)
and average 22 feet per mile (L4 meters éer kilometer)., About 52 percent

of the streambanks are actively eroding. Hillslopes adjacent to the channel
again show abundant and varied mass movement that delivers large quantities
of sediment directly to Red&ood Creek. The grain size of the bed material
is larger in this reach than in the Redwood Valley reach (reach 5). Alluvium
here consisté of a mixture of frequently tfansported, rounded cobble and
boulder gravel, and a lag component consisting of large angular blocks of‘
ocal bed rock. Mass pools capable of supporting young anadromous fish
during low flows are.associated witp the bedrock blocks. Large amounts of
wooden debris, including sawed logs, get introdﬁced_to the creek in this
reach, However, considering the rough, irregular character of the channel,
accumulations of thi; debris are surprisingly small and few in-number.
Hhreover, deﬁris accumulétions that are present do not appear to have
S$ignificantly modified stream processes. Flood-related depositional

features are also scarce. Despite the lack of obvious depositional features.
Retal objects are néarly as abundant in fhis reach as in the'Redwood Valley
‘rea-.'ﬁlo;d lines here are generally lower than those in upstream and

d°“nstream reaches, Prior flood flows along this rcach apparently were

dccamodated by increasing velocities more than by increasing depths.
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‘The natural stability of the stgep streamside hillslopes in this reach
apparently has been adversely impacted by construction of logging roads and
skid trails. 1In fact, since 1968 the direct impact of logging on stream
environments has been greater in this reach than in any other along Redwood
Creek.

Figure 14 shows three monumented stream-channel cross sections along
this reach; figure }5 provides photographic documentation of geomorphic
conditions along this reach. ' .

Reach 3 )

Along the two-mile-long reach (3 kilometres) between Copper Creek’
and the southern boundary of Redwood National Park (Reach 3, fig. 14),
the channel becomes noticeabfy wider and steeper and shows a renewed

‘endency toward braiding. ~ Gradients range from 3‘1 to 38 feet per mile
(6 to 7 metres ber kilometre) and average 35 feet per mf]e (6.7 metres
per kilometre). A few small upper flood plains and !ow.terraces are
present at the upstream end of this reach. Sixty—gight'percent of the
stream banks Are actively eroding: Streamside hillslopes also show con-
siderable natural instability (Colman, 1973); stability here, however,
has not yet been as directly éffected by lbgging as in the reach above
Copper Creek. Actively transported alluvium in this reach consists mostly
of pebble and cobble gravel. A lag component of large bedrock blocks
§wds-ﬁte5ent but not as prominent as in the adjacent reaches. Rearing ponds
hf'e agaih associated with these blocks. Several large accumulations of

1098 and other debris have collected on a few of these blocks and have

deflected the current against the adjacent stream banks thereby accelera-

ting bank erosion.
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Prominent, sparsely vegetated, flood deposited berms similar to those
described by Stewart and LaMarche (1967), and Helley and LaMarche (1973)
occur at several points in this reach. These berms rose 5 to
10 feet (1.5 to 3.0 metres) above the low-water channel.

Berms at the upstream end of the channel appear related to the 1964 flood,
whereas those at the downstream end are related to the. 1972 floods. During
the floods of January and March 1972, more than 15 feet (5 metres) of
gravel vas deposited on the orifice line for the U.S. Geological Survey
stream gaging station at the sourthern boundary of Redwood National Park.

Figure 14 shows a monumented StreamQEhannel cross section near the
downstream end of this reach; figure 16 provides photographfc documenta-

.tidn of geomorphic conditions along this reach. )

Reach 2 . | |

For. about one mile downstream from the southern boundary of Redwood
Nat{onal Park, Redwobd Creek flows through a steep narrow rocky gorge .
(Reach 2, fig. 14). Many large blocks of bedrock havg:accdmulated in
this reach, but they are not'large enough or abundant enough™to impede
Upstream migration of anadromous fish. The gradient is highly irregular .
in detail but averages about 47 feet ber mile (9 metres per kilometre).
¥ell over half of the stream banks in this reach are actively éroding;
n°ﬂjeroding banks appear to be protected by lgrge'bedrock blocks implaced
by a variety of mass movement processes. Indeed, the streamside hillslopes

disP]ay some of the most active mass mévement in the entire Redwood Creek

%asin (Colman, 1973). The west valley wall which is underlain by
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schis;s of textural zone 3 appears to be sculptured by exceptionally active

v -

creep with some translational slides at the-toe of fhe'siope. The’east
valley wall which us underlain by fractured and sheared Franciscan sand-
stone and siltstone appears to be eroded by_several large discreet trans-
lational slides and a large compound earth flow (Counts Hill Prairie,
fig. 7). This vigorous mass movement accounts for the lag of large
angular blocks within the channel. Large pools associated with these
blocks serve as low water rearing areas for young fish. Between these
blocks the streambed material éonsists mostly of sandy pebble and cobble
gravel. Flood-related berms and normal upper flood plains are lacking in
this reach.
| Reach 1

Along the !6 miles (26 kilometres) of channel below the mouth of the
narrow rocky gorge (Reach 1, fig. 17), Redwood Creek is -characterized by
a’braided channel set in a broad, active lower flood plain. At many
localities one or more narrow upper flood plains separate the active lower
flood plain from the adjacent hillslope. Some tefrace gravels are present
but they are not associated with prominent landforms. Channel gradients
range from eight to forty feet per mile (1.5 to 8 metres per kilometre) and
average about 11 feet per mile (1 metre per kilometre). The lower four
miles (six kilometres) of channel are lined with rock levies designed to
protectrfhe broad fload plain in tme vicinity of Ofick.A About 41 percent
of the unlined streambanks a]dng this reach are actively eroding. The
lower flood plain is actively widening at many localities, but his process
is most in evidence in the area between MacArthur Creek anﬂ Prairie Creek
(cross section 3, fig. 17). Spreamside slides are smaller and less abundant
in this reach than in any othpr reach along Redwood Creek (Colman, 1973).

SOnxncrtime

-
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maxfmum vater temperatures are somewhat lcss here than in upstream areas

fog result in substantial]y less insolation reaching the surface of the
Jow water channel here than along upstream-reaches.
The stream bed, which consists mostly.of pebbly s'and and sandy

pebble gravel, is act%vely agrading in the area between Bridge Cree‘i&_and-
Elam Creek. Pools 's"uitab]e for rearing young fi's"h are sparse bec'aus‘e"deep
water occurs only in association with turbulent eddies caused by rocks and
fallen trees, or where recent stream deposits have regtricted the low
water channel and increased stream velocity. Flood-deposited berms of
coarse pebble and cobble gravel are prevalent immediately below the mouth
‘ the gorge and on the 1nsxde of many stream bends down to the mouth c?
tlam Creek. Some of these berms have been deposited on the outer edges cf
upper flood plains and have killed young tanocaks, map]es, Douglas-firs,
and redwoods. The berms in this reach all appear 1;0 have been emplaced

or at least tg have had their upper surfaces modified by the 1972 floods.
Rany of the dead trees wére killed prior to 1972, so that th; 1972 flood
deposits in somé localities may be only é veneer over older, perhaps 15¢=,
derms., Even in some.areas without prominent berms, sandy gr'avel_ is beirs:
*T’°Site§i at sites that formerly received only fine grained, overbank
f."“meﬂts. _ Some smal.l tributary valleys have been dammed by recent gravei
Yradation, Many other tributaries have been Séve‘fely aggradéd by back-.

Rter effects. Metal objects and tires are not as abundant as in some
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’stream reaches, but at least nine of these artifacts were clearly visible
on the inner flood plain betweén Bridge Creek and Prairie Creek during the
summer of 1974.

Figure 17 shows two monumented stream channel cross sections in this
reach. Figures 18 and 19 provide photographic documentation of geomorphic
conditions along this reach. .

Tributary Channels

The main channel and tributary channels withinrthe 278-square-mile
(720-square-kilometre) drainage basin of Redwood Creek upstream from the
stream gage at Orick show a pronounced trellised drainage pattern with an
overall drainage density of about 7.7 miles per square mile (4.8 kilo-
metres per square kifometre). This pattern is comprised primarily of a

.arge number of relatively short individual tributaries that drain rela-
tively small areas. Only two tributaries, Prairie Creek and Lacks Creek,
drain more than five percent of the total area. The drainage areas of
the 28 tributaries shown on figures 9, 10, 14, and 17 rahge from 0.2 to
17 square miles (0.5 to 44 square kilometres).

Prairie Cfeek, which is the largest and downstream-moét.;f Redwood
Creek's major tributaries, drain; about 40 square miles (104 square
kﬂQmEtres) and enters the main creek about one mile (1.6 kilometres)
“OFth of Orick(fig. 2) The drainage basin of Prairie Creek upstream
f7°m the mouth of Lostman Creek is underlaln primarily by unnamed weakly
?1“dUrated sedimentary rocks and is characterized by average hillslope and
stTEEm ‘Channel gradients that are less steep than elsewhere in the

‘_ RedWOod Creek basin. The southern part of
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the Prairie Creek basin, including the dréinage basins of Lost Man, Little
Lost Man, Geneva, Berry Glenn, and Skunk Cabbage Creeks, is underlain by
the Franciscan assemblage of rocks and has physiography that is more com-
parable to that found upstream from the mouth of Prairie Creek (Iwatsubo
and others, 1975, tables 1 and 3).

Prairie Creek has a Single clearly defined channel that even during
low f]ow‘occupies most of a narrow inner flood plain and displays a
slightly sinuous to meandering course. ThroughoutAmost of its. length,
this channel is separated from wide upper flood plain areas of overbank
deposition by clearly defined banks. The longitudinal profiles of Prairie
Creek and its major tributaries are shown in figure 20. The average

'hannel gradient is about 64 feet per mile (12 metres per kilometre), but
the downstream half of the channel below the headquarters of Prairie Creek'.'
State Park has an average gradienf of only 19 feet per mile (4 metres per

.kilometre). Streambed material is pfedominantly sﬁndy-fing pebble gravel.
Accumulétions of coarse organic debris are sparse and do not appear to
have seriously impacted upon channel behavior or fish migration.

Redwood Creek's tributaries: including those in the southern portions
of the Prairie Creek basin, typically sﬁow channel characteristics com-
Dérab]e to those of main channel reach 7 in that they have straight

-‘3°_§[jghtly sinuous courses, steep gradients, infrequent areas of over-
bank deposition, heterogeneous bed material, and ab&ndant natural obstruc-

tions caused by wind-toppled trees, debris slides, and rock falls. The

'7°"Qitudina1 profiles of 28 major tributaries to Redwood Creek are shown
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in figures 9, 10, 14, and 17.- Average channel gradients of individual
tributaries range from about 250 to 1500 feet per mile (48 to 286 metres
per kilometre). iacks Creek, Bridge Creek, Tom McDonald Creek, and
MacArthur Creek are the only tributaries upstream from Prairie Creek to
have average gradients of less than 400 feet per mile (76 metres per
kilometre). The channel gradients, however, are highly irregular in
detail and reflect lithologic and structural properties of the underlying
bedrock as well as obstructions caused by recent landslides and accumula-
tions of toppled riparian vegetation. Some Iow‘gradient reaches near the
‘western drainage divide of Redwood Creek, suéh as in the headwaters of
High Prairie, Noisy, Lupton, Bridge and MacArthur Creeks, may be associated
with remnants of an old erosion surface. ‘

Alluvial streambanks and areas of overbank deposition are uncommon
along tributaries except immediately upstream from prominent obstructions.
and in "backwater areas" influenced by flood flows along Redwood Creek.
Streambed materials are highly vari§ble in grain size and sorting
characteristics, but subrounded to subangular, pébble and cobble gravel
is most prevalent. Flood-deposited, flat-topped gravel berms comparable
to those found along the main channel are uncommon in the iributary basins.

Dense riparian vegetation severely restricts the amount of insolation
‘reaching unlogged portions of tributafy streams. Light levels are so low
along so;e tributaries that they limit aquatic productivity. Reaches of
tributaries flowing ‘through natural breaks in the vegetal canopy show more

Periphyton and benthic invertebrates than do adjacent reaches.
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Small streamside slides and gullies are.common along the downstream
reaches of essentially all of the deeply incised tributaries. Examples of
such instability are particularly prevalent. however, in the.sheared
contact zone between the schist and sandstone, and along/lgagh northwest
trending linear channel segments, such as those along Bridge Creek and
Lacks Creek. Thése tributary channels actively iﬁterast with these
streamside areas of instability bécause of the‘scarcity of floodplains.

Even relatively minor channel shifts frequént]y erode the basesof hillslopes
and thereby trigger slides that deliver large volumes of sediment directly
to the stream channels. |

Most of>the colluvium introduced into the streams by various hil]sldpe

.osion processes is transported downstream, but a prominent lag component _.
of angular blocks of colluvium is genera]ly present in all but the most
$trongly alluviated réaches. This lag is an {mborfant element of the
Mtural aquatic habitat. Most of the pools that persist through the summer
‘“*410w'period are associated with large blocks of colluvium. These blocks
““’Serﬁe as stable nitches for benthic invertebrates. On the other hand,
Umessively large and abundant blocks of colluvium make many tributary
Nuches _unsuitable for spawning by anadromous or resident fish.

;hsﬁllen trees and streamside rock and debris slides along the tributaries

s

,_6°mplete1y dam the trlbutary streams and give them a distinctive
pediproflle. These obstructtons serve as check dams and energy dissipators
n thereby mitigate storm damages (Heede, 1972); however, those obstructions

’t ar (1.5 or 2 metres)
€ more than five or six feet high, form effectiveé barrierg3to fish

A
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migration ( Gibbons and Sulo, 1973), A1l of Redwood Creek's tribu-

taries upstream from Prairie Creek Aave a series of such barriers that
naturally limit anadromous fish to the main channel and the lowermost
reaches of the tributaries. Some of the iarger tributaries, however,

do support resident fish p0pu1atibns in reaches between these barriers.
Even those channel obstructions phat merely deflect the tributary channels
from their established courses aéﬁehtuate bank erosion and, thereby,
commonly trigger other landslides. | )

Many of the landslides and fallen trees that locally obstruct the
tributary channels are cléar]y antecedent to recent landuse changes.
Decaying tree trunks in some debris accumulations ?erve as nurse logs for

.omfers that appear to be at least several decades old. Other trunks have
“ been polished and sculptured into bizarre free-flowing shapes by long-
repeated contact with sediment-laden flood discharges. Additionally,
much of the streamside slide debris be&rs mature conifers and dense mats
of moss, ferns, and variodé:herbageous plants. The natural esthetic
Characteristics‘of the tributaries to Redwood Creek are clé;e1y tied
0 various channel obstructions and the lag of large angular blocks of
©Nuvium (fig. 21 and 22_ ).

Many tributaries within and immediately downstream from areas tha-:

%-!§Y?~§$cently undergone extensive timber harvest have some major character-

Ef;}ticﬁﬂlhat differ drastically from those in comparable virgin watersheds.

l‘e"‘“#’"Gh:ain:i.ng recently tree-harvested areas frequently are plugged with
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exce'ssive quantities of coarse organic deb.ris inc]udiﬁg sawed logs.
Although much of this debris is scattered at random along these chanr;els,
most appears to have accumulated on pre-existing channel obstructions.
Relatively few logging-related debris barriers in the Redwood Creek

basin bar anadromous fish from natural spawning areas along tributary
streams; logging-related barriers near the mouths of .Mi'nor Creek, P_anther
Creek, Tom MacDonald Creek, the south fork of Lc;st Man Creek, and several
tributaries above Highway 299, however, had .héd this effect. |

Extensive channel aggradation is commonly observed along tributéries

in and imédiatelydownstream from some 6f the more massive recent timber
harvest units. The aggraded streambeds have filled pools ‘and buried thé
‘g of bedrock blocks. fhese aggraded streambeds usually aare composed of
finer-grained bed material than that on the initial‘streambed. Rusting
culverfs and cables, as well as sawed logs, ar.'e common in the

aluvium (fig. 23 & 24-3. .,Many .unfﬂled pools show a Qeneer of brownish -
silt and fine sand'; The decreaséc; grain size increases the. inherent insta5iiity’
of the streambed and degrades the intra-gravel environment for benthic
fnvertebrates and syawm’ng fish. Bank.erosion and streamside sliding
ppear more prevalent in these aggraded reaches. Removal of riparian
Yegetation increases the amount of in;solation received on the stream
. ‘“‘fac.es and apparehtly results in elevated s'tr'eam temperatures and locally
lush( growth of filamentous algae. |

The lérge-scale natural rcﬁghness elements along the tributary

'hannels act as small check dams that attenaate rapiély-the.-jjggact

b
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ssociated with the coarse orgahic debris and streambed material
introduced from recently cut-over forest land. The rate of attenuation,
powever, depends upon ihe degree to which channel aggradation accelerates
stream bank erosion and streamside landsliding. If these inter;rélated
processes cross an, .as yet, undefined critical threshold, they may trigger
self-reinforcing feedback mechanisms that could completely devastate
dwnstream aquatic-and riparian environments. Moreover, even when the
ragnitude of the channel changes wrought by logging operations diminish
rapidly away . from the site of disturbance, those changes may persist
for many décades. This persisténce would allow‘ the effects of seﬁarate upstream
disturbances to become cumulative. Dense shade along tributaries cjownstream
.n recently cut-over land allows water temperatdres té cool relatively
rapidly during the summer months.
Estuary |
The.estuaryl at the moufh of Redwood Creek is relative‘ly small and

follows a generally sinuous course. Under all but the most extremely high
tdes, tidal influence on river stage extends upstream on'l_y"ab?)ut 1.6 miles
nd water_' quality influence somewhat less. Smaller tributary arms extend
"rth and south at its downstream most end. Prior to the installation of

) ﬂ°°d 'Ievees in 1968, the estuary covered approximately twice its present
i‘ea At that time, the main flow through the southern channel, which has

25
] .‘“'98 - back water slough smce channehzatmn of the creek. The main

ﬂm

°f tne creek now contmues approximately 400 feet beyond the end of

Efu& Tevees to its mouth. The outlet of the estuary shifts north and south
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i35 tidal circulation and Httorél processes build up a rivar mouth
sand bar.

The river mouth bar periodically becomes emer'genf and dams the
creek during low flow periods of summer, when the flow is insufficient
to keep pac2 with the sand deposition. The emergent bar forms a barrier to
8nsdromous fish seeking to enter the estuary during this time.

The first autumn \;reshet usually breaks through the bar, allowing
Salronids to enter the creek for spawning. According to Reimers (1973), |
river mouth estuaries are also imgortant rearing areas for juvenile
salmon before their entry into ocean waters.

The reduction of the estuarine area by channelization may thus have

.d a significant impact on the Salmonid population of the creek.
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CLIMATE

NORMAL CLIMATIC CONDITICHS

The moist mild climate of the northern California Coast Ranges
reflects their middle latitude location on é. steep mountainous coast
on the lee side of the Pacific Ocean and in the path of numerous winter
polar-front cyclones. The climate of Red\;loqd Creek is typical of most
of the surrounding ;-egion'. The northern half of the Redwood Creek basin,
according to the Koeppen c]assificatibn of cl.imates (Critchfield, 1966),
has a coastal Mediterranean climate with mild winters and short warm .
dry summers with frequent fog (a Csbn climate). The marine influence is
less prbfound in thé southern half of the basin which has an interior
.iterranean climate with . mild winters and hot dry summers. with iﬁfréquen:
fog (a Csan climate). The mean annual precipitation wi.thin' the Redwood
Creek basin, however, is somewhat greater. than tha-t associated with most
Kediterrjanean’ climates. o

The full spectrum of‘climah:'c variability within the ba_siﬁ is not
known quantitatively because few‘loné-—term c]imétoloéidal dafa have been
©llected from within the basin. Moreoyer, the data that have been
©lected are representative of 'a 1imited number of orograpﬁici situations.
This Paucity of precise climatological data is typical of most mountain
"‘te“sheds, but it is, nonetheless, worthy of mention because it is a

_?10" source'of ambiguity in assessing the recent geomorphic history of
the basin,

A 2
The most usable bodv of climatic data for the Redwood Crealk basin

S .
the daily records of precipitation and temperature that have been
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zmected continuously at Oriqk-Pfairie Creek State Park since 1937. This
station provides the only air-temperature record available for the entire
basin. Various government agencies have collected partial precipitation
records from time to time near Board Cémp Mountain, near the old Highway
299 crossing of Redwood Creek, and at Orick. The U. S. Geological Survey
installed in the 1974 water year 16 precipitation gages in the environs

of Redwoo_d thional Park (Iwatsubo and others, 1974). Private individuals
have also collected partial rainfall records at a” variety of ranches,
vacation homesites, and logging operations. The description that foﬂows
is based not only upon this intra-basin data but also upon extfapolation
of data collected from climatological stations in near:b_y drainage basins,
climai:o]ogica'l .impli;:ations of stream-discharge records, and assessments

_'of probable orographic influence on precipitation and temperature by
climatologists and hydrologists with several government agencies, notably
the National Weather Service (formerly U. S. Weather Bufeau; see USWB .
1953-65; 1964). | |

The entire Redwbod Creek basin”is characterized by generally mild

Ar temperatures throughout the year because seasonal temperature extremes
qre moderated by the proximity of the Pacific Ocean. The seasonal pattern
of mean monthly temperatures for Orick-Prairie Creek State Park is shown
In figure 25. The more inland southern part of the basiﬁ, nonetheless,

'hs'hOtPer summers and colder winters than the northern more maritime part.

5 ifitemeri?ture gradients are steeper in summer than in winter. Mean maximum

a.,ata“DE!‘a'tures in July range from about 69°F to 95°F (20.5°C to 34.6°C), and

. "3 minimum temperatures in January range from about 32°F to 37°F (0°C

to 2.7°C). ‘For all but the highest most inland
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prts of the basin, the frost-free period is usually from mid-April to

e . - Lt -
. o~

early November and lasts 200 to 250 days. = - .

puring the frosty period, most of the basin is characterized by frequent
diel freeze-thaw cycles rather than persistently frozen grour;d. Pipkrake
(reedle ice) is observed more frequently in cutover land than i.n the
adjacent uncut forest so that the "frequency of freeze-thaw cycles may be
fncreased by vegetation removal. '

The estimated mean annual basin-wide precipitation for the Redwood
Creek basin is 80 inches (2032 mm.) ‘.(Rantz, 1964), but altitude, proximity
t6~the ocean, and slope aspect profoundly influence the amount of precipita-
tion at any given location (Rantz, 1969). Cdmmonly_the mean annual precizitz-
‘n varies by as much as ten inches per 1000 feet (365 m ) of alti’tude_.
Differences in annual rainfall totals reflect differences in amounﬁ of
rain contributed by individual storms more than differences in the. total
mmber of si:'drms.

Thé mean anm:la'l precipitation at Prairie Creek State Pirk (36 years '
of record, 1938 to 1973) is 69.81 inches (1773 mm.), computed on a water
year basis (October through Septémber). However, this annual amouﬁt is
bghly variable with a standard deviation of 11.62 inches (295 mm.) or
" Percent of the mean. The largest amount of rain to accumulate during
ky water year in this period was 93.18 inches (2367 mm.) in 1938 and

,&e Towest amount was 50.33 inches (1278 mm.) in 1939. Durmg the period
°"-"ﬂ:t'eam gaging records for Redwood Creek, water years 1954 through 1973,
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t-he mean annual precipitation at P'réi\rie Cr.eek State Park was 69.41 inches
(1763 nm. ), the standard deviation was 10.1:30 inches (274 mm.) or 16 percent
of the mean, and the actual values ranged from 89.96 inches (2285 mm.) in
1956 to 53.88 inches (1369 mm.) in 1973.

Even rather-subtle differences in physiography can result in signifi-
cant differences in precipitation. Three stations along the lower valley
of Prairie Creek (Orick-Prairie Creek State Pérk} Orick-Arcata Redwojod,
and Orick 3 NNE) are located within 3.3 miles (5.3 km.) of one another =t
altitudes between 50 and.ISO feet (1‘5.2 and 45.7 m.) above sea level and
yet their annual rainfall accumulations usually differ from one another
by 10-to 20 percent.’ |
. Avai]able@ata indicate that the higher parts of. the Redwood Creex
basin in general do get more rain than the area near Orick, but that orc-
graphic influences cause extreme local varfations in‘ p;ecipitation amourts.
The eastern énd western drainage divides of Redwood Créek n.ear the southern
boundary of Rédwood National Park received between'November 1973 and |
April 1974 between 25 and 30 percent more rain than Prairfe‘Creek State
Park (Iwatsubo and others, 1975). The average’ annual accumulation in
a storage precipitation gage maintained by the California Department. of
Vater Resources near Board Camp Mountain was 103.37 inches (2626 mm. )
{standarg deviation 61" 24 iqches (610 mm.)_ or about 23 percent of the
®ean accumulation) d:.z'm’ng a 9-year period between 1964 and 1972. These

d4ta suggest that Board Camp Mountain receives about 1.5 times as much
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‘cipitation as Prairie Creek State Park. Orographically induced vagaries
in precipitation amounts are well il']ustrate.d by records from the stream
gaging site on Redwood Creek near Blue Lake (0'Kane). Partial precipita-
tion records collected since 1956 by the California Department of Water
Resources (Calif. Dept. Water Res., ]§56-]9.73; National Weather Service,
1974) suggest that this site receives only about 92 percent as much rain as
Prairie Creek State Pafk.

The seasonal distribution of precipitatio;l within the Redwood Creek
basin is characterized by a winter rainfall maximum and a pronounced
summer drought (fig. 25). About 77 percent of the annual precipitation
at Orick-Prairie Creek State Park during water years 1954 through 1973
fell between November and Marchwhereas only about 5.2 percent fell

‘tween June and September. (fig. 25). The mean monthly precipitation‘
figures at this station indicate that some rain has fallen in every month.
The figures for the summer months, however, are stronglfy weighted by a
few unusual storms. In fact nearly every summer is c;haracterized by a
completely rafn-free'period or periods of more than 30 days' duration.

Some moisture is added to the soil in the northern thi’r'd~ of the
Redwood Creek basin during rainf;‘ee-periods in summer by light drizzle
and dripping condensation associated with persistent coasta’I. fog. The
‘"bUNt of moisture delivered to the forest floor by fog drip is highly
Yariable from place fo place. Between July 4 and September 15, 1970
fog d"fP produced about 0.12 inches (3 mm) of moisture at the 1200-foot

(355-8, metre) level, only a trace of moisture at the 1000 foot (304.8 metre)
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level, and no moisture at all at fhé 800-f06t (243.8 n;eter) level on the
forested hillside south of Berry Glen (Freéman, 1971). In contrast, ;;uite
substantial amounts of moisture have been produced from Pacific coastal
fog drip in areas north and south oeredwood Creek (Ruth, 1954; Parsons,
1960). Even when the direct contribuAtion' of moisture to the forest flcor
by fog drip is small, fog does Ie_:ssen summer soil-moisture stress by
reducing the total radiation and by causing tﬁe radiation that is receive:
to evaporate surficial moisture on vegetation surfaces before inducing
evapotranspiration (Black, 1967). Summer-moisture conditions on the
higher ridées in the northern third of the basin and throughout most of
the southern two-thirds of the basin are not directly influenced by the

'og.

Thunderstofms occuf infrequently and are associated more with the

- passage of cold fronts in late summer and autumn than with mid-summer
thermal. convection cells. Many of the thunderstorms in the environs of
Redwood Creek are associated with ~Httle or no rain. The critical dry
sea§on with respect to fire hazard and moisture stresses on vegetation
s immediately prior to the start of major autumn storms, when warm
daytime temperature::: persist but coastal fog occurs less frequently thz-
during the summer months.

' Nearly all of the precipitation in the Redwood Creek basin is
'““ because of the brevai ling mild temperatures (fig. 25 ).' Moreover,

st runoff-generating storms in this basin, especially storms producing
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.xjo'r floods, arc associated with warm air masses (Rantz, 1959; Hofmann

and Rantz, 1963; Waananen and others, 1971; Wagner, ]9.72; Dickson, 19.7‘2).
Coastal areas do occasionally experignce light snowfall but in most years
snow falls only above an altitude of 1750 feet (533.4 m.) and persists

only above an altitude of 3500 feet. Snow accumulations usually do not
exceed two feet. Snow storage and melt, thus, have only a minor impact upon
runoff in Redwood Creek because typically less than 25 éercent of the drainage
basin has a significant snow pack, and because the snow pack contains relatively
little water relative to the amount of rain associated with warm, flood-produc-

ing storms.

The la}‘ge amounts of annual precipitation received by the Redwood
Creek basin primarily reflect a large nﬁmber of regxiona] storms of light
.o moderate intensity. During the interval encompassing the 1954 through
1973 water years, the annual average number of rainy de;ys at Orick-Prairie
Creek State Park was about 122; about 23 days each year had more than an
inch of rain énd only about 6 days gach year had m;Jre than two inches
(S1 mn.) of rain (fig. 26 ). The intensities of short duration (one-hour
Or less) rainfalls are low, but the intensities of 6-hour and longer
Tainfalls are moderately high compared to the nation as a whole (Hershfié]d,
1961). Once every two years rainfalls with durations of six hours and
A hours can be expected to produce m’fhin th‘e Redwood Creek basin at
east 2.0 to 2.6 inches (51 to 66 mm.) and 4.5 and 6.0 inches (114 to

152 mn.) of rain respectively. Likewise, once every 10 years rainfalls
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yith durations of .six hours and 24 hours will prjoduce 2.8 to 3.4 inches
(1 to 86 mm.) and 7.0 to 8.0 inches (178 to 203 mm.) of rain respectively
(Miller (and-ot;é.rs, 19;3). " The most intense rainfall occurs in areas
vith the largest mean annual precipitation - B T --_-: = e
Similarly, the rainfall patterns of most major winter storms rati.her
closely reproducé the gross features of the mean annual pattern (Gilman,
1964). Individual storms, nonetheless, display their own individual
characteristics. Fof example, the flood-producing rains of December 1953
and December 1964 appear to have been most intense in the interior part ~
of the Redwood Creek basin, whereas the flood-producing rains of January
1953 and March 1972 appear to have been most intense in the coastal ar:e_as'.
. Wind speed exerts a major influence on evapotranspiration, and
dditionally has a strong impact on many b.i010§ic _and erosional mechaniscs
mrating.‘within the Redwood Creek basin because rédwood trees are readiiy
damaged and toppled by high winds .(Stone and others, 1969). jﬁnd damage

on the average accounts for about. 54 percent of the annual ‘mortaﬁty of
$owing stock and saw timber on commercig'l forest land in Humboldt Count:
ms“!d: 1968). The pits and mounds ass‘ociated with the root masses of :-=
““d‘toppled trees represent a discrete process of downslope soil creep

(D‘“".V and Goodlet, 1956). The exposed mineral soil in these scars serves

8a good seed bed for new redwood and Douglas-fir (Stone and Vasey, 1967).

b
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Wind-toppled trees also occasionally influence fluvial erosion processes

by diverting or blocking existing drainage channels, and generating ephemeral
seeps that erode rills or shallow gullies. Despite the economic, ecologic,
and geomorphic significance of high winds, wind direction and speed have

not been m2asured within the Redwood Creek basin in part bacause these
parameters are influenced to such an extreme degree by topography.

The nearest quantitative wind data are collected on the coastal plain
at Eureka where orographic influences are minima]i Average winds at Eureka
are light although strong winds occasionally accompany severe storms.

Winds at Eureka during a three-and-a-half-year study were calm about 22
peécent of the time,ufrom the north or northwest about.29 percent of the
time, and from the southeast or south about 19 percent of the time;
.outheast winds were rhost prevalent during November through March,

whereas north and northwest winds weré most prevalent from April fhrough
October.. The Eureka data led to the suggestion that areas that are neither
protected hor unusually exposed can expect winds of 40 to 50 miles per
hour (64 to 80 kilometres per hour) about once every two years and winds
of 80 to 90 miles per hour (129 to 145 kilometres per hour) abodt once
every century (National Weather Service, 1974). The strongest, most
dbmaging winds are from the southerly quarter and are associated with the
aDDrdach of cyclonic storms. Particﬁ!érly damaging winds.accompanied
%jor storms in 1955, 1962, and 1964. |
Wind patterns within the Redwood Creek basin And other mountain areés

are more éomplex than those on the Eureka coastal plain. During periods
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of calm, diel heating and cooling of the air creates density differences

that lead to upslope and upvalley winds du;ing the day, and downslope

and downvalley winds during the night. During windier periods, the diel

downvalley-upvalley circulation is less prominent, but the wind patterns

are still quite complex. Topographic irregularities locally concentrate

the flow of air and create turbulence. Turbulence intensities are generzlly

greatest on the immediate lee side of ridges and'gn the middle portién of

both the lee and windward hillslopes .(Stone and :others, 1969). Bfeaks in

vegetation such as occur at the edges of clearcut blocks can also accen<.zze

wind turbulence (Stone and others, 1969); Although tﬁe wind patterns wiz-in

the Redwiood Creek ba;in are poorly documented, the greatest concentratic-
, wind-toppled trees appears to be in areas of unstable regolith in

topographic situations exposed to relétively high wind vglocities; Winc-

toppled trees are not abundant on exposed sites underlain by stable regeiizh.

RECENT FLUCTUATIONS IN RAINFALL AMOUNT AND INTENSITY

In order to place recent rainfél] patterns fnto a'1ong-ierm historicz:
Perspective, we have plotted graphs of cumulative annual departures fro-
the mean annual precipitation (fig. 28 ) for the total length of reco::
for Orick-Prairie Creek State Park and several nearby weather stations =°:-
records going back to the late nineteenth century. The records includé: in
this comparison are Eureka, a combined reéord frém Crescent City 7ENE,

Crescent City 8 NE, and Crescent City ]N; and a combined record from For*
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Gas.—torq and Hoopa. The Eurcka record s probably the most reliable standard
for comparison as the other records involve rathar comp],icated station
histories. - Differeﬁt stations collected data for different intervals

of time, so in order to generate compa{r;able departures, means computed

for the twenty-year periold 1954 through 1373 were used in this analysis.
Cumulative departur.'es from the mean rather .than =oving averages were used

to show his.toric trends in precipit;:tion because no evidence exists to

show that annual precipitation totals in this area are serially correlatzd,
and because moving averages build in time dependence over and above that
dlready present (Dawdy and Matalas, 1564). The slope of a graph of cumulativs

departures from the mean (fig. 25, 27 , and 28 ) coaveys significant

‘rmation. An upward slope indicates greater than average precipitaticn,
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ﬂﬁereas a downward slope indicates less than average precipitation.
-y,e,tual plotted points for any given year, however, are of little
significance on such graphs. '

The entire Orick-Prairie Creek State Park precipitation record-
sisplays a pattern of cumulative departures from the mean that closely

Jrzsemble that diSpIayed‘by records coltected in the surrounding area,

feven though those records were collected in grossly different physio-
graphic situations.l/ Assuming that this similarity _..in behavior has
caracterized the entire period‘of precipitation record collection in
wrthwestern California (1861 to present’)_. figure 9\"3 can be used to

teply beriods of generally greater than average precipitation and periods
3f generally less than average precipitation in the Redwood Creek basin.
#nerally wet periods include 1865 through 1868, 1900 tt;rough 1904, and
19‘hrough 1958, and exceptionally wet jndividual years include 1866, 1876,
1890, and 1904. Generally dry periods include 1869 through 1875,

through 1889 and 1917 through 1937. Periods characterized by generally
gatic fluctuations about the mean include 1876 through 1882, 1890
n‘Wgh 1899, 1905 through 1916, and 1938 through 1950. The period 1959

] ul'ough 1968 generally was characterized by average or less than average

4 71' These physiographic differences probably account for the fact that
ute precipitation amounts for individual years and storm periods

4 '“;:E qifferent weather stations correlate in only a general way.

Be, ) S5S10n relations between mean annual precipitation at Orick-Prairie
gt State Park and mean annual precipitation at Eureka, at Crescent
] Yy and at Hoopa for water years 1954 through 1973 are as follows:

3

(0) = 8.21 + 0.45 (EK); r2 = 0.65 r® = Coefficient of determination
(0°) = 4.45 + 0.76 (HP); rl = 0.48 Al1 values in inches
) = -11.70 = 1.14 (CEC IN); r% = 0.70

:0") = 11.32 = 1.08 (CEC 7ENE); r° = 0.78
0p) '

= Orick-Prairie Creek, EK - Eureka, HP = Hooper

C 1y = Crescent City IN, CEC 7ENE = Crescent City 7ENE
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precipitation, aqd the period 1969 through 1971 was generally wet.

The 1972 waterlyear in northern and coastal pafts of this area was also
wet. The 1973 wate? year, in contrast, was dry throughout northwestern
California. Given the added perspective provided by the fact that fhe
1974 water year was one of the wettest on ;ecord, the most characteristic
feature of the pfecipitation records in the perfod sinqe 1968 appears

to be the extreme variability of ahnua] rainfall:

Annual fluctuations in both the total nqmber of rainy days and the
number of days with more than one inéh of rain during the 1954 through
1973 period at Orick-Prairie Creek State Park show patterns that closely
mimic* that shown by the total amount of aana] precipitation (fig. 26 ).

he occurrence'of major flood-producing storms, nonetheless, is not
restricted to the generally wet periods. In fact, only thé regional flocds
of October 1950, January 1953, and Decembgr 1955, and the March 1957 flocd
in the Littlé Rivgr basin occurred during these wet periods; The flood

of December 1964, tﬁe largest we]1-documented flood to occur during the
entire period of historic observation throughout most of no;%hwestern
California, occurred during a ye;r of average or even slightly less than
average precipitation.

Except for unusually variable annual rainfall amounts, rainfall
Patterns during the last 25 years do not appear to have been significantly
different from those‘that prevailed earlier in the record. ansiderations
of watershed conditions visible on 1936 and 1947‘aeria] photoéraphs of

the Redwood Creek basin, as well as remarks by area residents concerning

—
= — e e
L—

the "exceptional” severity and frequency of storms since 1950 mast be
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arefully weighed in light of the unusually long pcriod'of relatively
¢

ile i ions.
dry, and storm-free conditions that prevailed prior to these observation
3
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VEGETATION

The productive soils, moderate temperatureﬁ, and seasonally
abundant moisture of the Redwocd Creek drainage basin support a
naturaily dense and complete mantle of forest, woodland, and bkairie
vegetation. HMost of the uﬁdisturbed forest and woodland sites within
this basin have dense understory Qegetation as well as'trees. Mineral
soil is exposed under natural conditions only where the vegetal cover
is disrupted by various forms of mass movement or lateral corrosion.

The paturai vegetation in the drainage basin has been extensively
modified by man. As of April 1975 abogt 65 percent of the drainage
basin'was.,-" -“- cutover forest land. Most of the logging occurred

ing the last 25 years and the dominant silvicultural meihods have |

been clearcutting and seed-tree-leave logging. Virgin forests cover

about 20 percent of the basin, and prair%es, woodland, and Erush cover
the remaining 15 percent. R

_ Thé individual plant speciés in the Redwood Creek basin tend to
occur_in distinctive groups or commﬁnities that appear toAré}lect both
regional climatic gradients and }ocal site conditions such as altitude,
Proximi;y to the ocean, sldpe aspect, tbpographic position, and slgpe
Stability. The overall distribution of plants within the Easin resembles
_that found throughodt coastal northern California and southwestern
Oregon. 1In fact, the vegetation cormunities, except the redwéod-@ominated

forest in the downstream end of the basin, can be reasonably compared

with vegetation conmunities in the Picea sitchensis, Tsuaa ﬁeterophylla,

erior Valley, Mixed-Evergreen, and Mixed-Conifer Zones of Franklin and
Cyrness (1969). The species tomposition of the vegetation of most of
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the Redwood Creek basin is shown on 1:31,680 mabs prepéred by California
Cooperative Soil-Yegetation Survey (1959-{962). Moreover detailed o
1:24,000 tirber-type maps were prepared by Hammon, Jensen and. Wallen
(1967) for that part of the basin within and adjacent to Redwood
Nationél Park. A generalized ]:760,320 map of "Vegetal Cover Types"
is included in the U.S. Department of Agriculture's (1970) report on
the water, Iand,-ahd related resources of north coastal Ca]ifornia.‘
Before the forests on the lower flood ﬁlain of Redwood Creek near

Orick were cleared for pasture, sitka spruce (Picea sitchensis) dominated

the vegetation. The remaining spruce appears to tolerate the salt
"spray and high water table. On particuiar]y windy sites near the estuary,

"e pine (Pinus contorta) is also present. On more mesic sites and

and where the influence of wind-borne salt is reduced, redwood (Sequoia

sempervirens) and Douglas-fir (Pseudotsuga menziesii) are the dominant flcod

plain conifers and sitka spruce becomes an associate.

Redwood with its common as§bciate Douglas-fir'dominatég_the upland
Vagetation of the basin from near the Pacific shore to approximately ten
miles (16 kilometers) inland.

Farthen=in1an3, redwood-dominated vegetation is restricted to
relatively moist flood plains, low stream terraces, and lower hillslopes

ﬁ“diacent to the main channel and its principal tributaries in the downstrezn
‘;half of the basin. Isolated redwood trees occur adjacent:to the main

Channel as far upstream as the mouth of Snow Camp Creek, but the upstream-
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most groves of redwood-domin&ted vegétatiop are on the flood plain
of Redwood Creek neér Stover Ranch, and on north-facing hillslopes }n
the lower Lacks Creek basin. Natural environmental controls on the
vegetation mosaic within the redwood-dominated vegetation are discussed
in detail by Waring and Major (1964) and Becking (1967).

-Although nearly : pure sfands of redwood are the essence of the
layman's vision of the primordial redwood forest; such stands are

extremely limited in nature. Some Douglas-fir is almost always associated

with the redwood; hemlock (Tsuga heterophylla), grand fir (Abies arandies),

and tanoak (Lithocarpus densiflora) are also common. Port Orford cedar

(Chamaecyparis lawsoniana) and madrone (Arbutus menziesii) occur locally

.‘thin the redwood-dominated vegetation. Black cottonwood (Populus

trichocarpa), big leaf maple (Acer macrophyllum), California bay

(Umbellularia californica), hazel (Corylus cornutta), large red alders

(Alnus rubra),and willows (Salix spp.) occur on riparian sites. Thickets.

of young alders occur in a variet§ of moist localities but are particularly

characteristic of areas where mineral soil has been exposed by recent

overbank stream deposition, mass movement, timber harvest, and road

Construction. Thickets of tanoak and (or) red alder have Toczily retariz!

coni ferous regeneration in some cutbver land within the basin. Red alder
‘llso appears to the dominant pioneer plant on recent flood berms of sand

and gravel, although lupine (Lupinus, épp.), Douglas-fir, gnd‘tanoak

are additionally present on young berms in the downstream half of the

3sin. The alders and tanoak are probably.seral stages in these

}‘tuations because some strcam gravel deposits and landslide scars that
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are on the order of 50 to 200 years o.ld bear dense, apparently even-
aged, pure stands of young Doug]as-fir:. ‘
Slope-aspect control of the size and abundance of individual

redwood trees in the forests of the lower Redwood Creek basin isreadily. :
ipparent . on vertical aerial photographs e.md_in the field (fig.29° ). Witn
regard to the red.ood- dommatcd forest immediately adjacent to the main
channel of Redvood Creek, Stone and others (1969, p. 17) noted, "The
vegetative cover on the two sides of the creek differs significantly.

On the south side, stand density is greater, the percentage of redwood

in the stands is higher, and the'average age of the trees is older. On

the north side there are relatively few -wihdfan trees on the ground. In
.rast, on the south side there are several places where 20 percent or
Wre are down." These differences probably reflect slope-aspect control

of microclimate, rather than differences in soil parent ma.teria'ls as these
differences in vegetation can be observed when the same parent material

Is present on bo'th sides of the creek. Furthermore, comparable slope-
spect controlled differences in redwood-dominated vegetation can be
;“Served in tributary basins draining a single rock type. .In the tributarics,
orth- ang east-facing hiilslopes be2ar more and larger redwoods than sous--
| ind west-facing hi]lslvopes. These differences can be observed in bath
~ Wndstone terrane and schist terrane. L
" The seed mixtures utilized to restock some recenﬂy cutover‘ land
" and adjacent to Redwood National Park could conceivably have at least

‘teml-‘orary impact upon the successional status of adjacent re_dwood-

i
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dominated vegetation within the pérk. For a variety of s{lvicu]tural

: and economic reasons, the proporticn of Douglas-fir and sometimes sitka
| spruce is much larger in these seed mixtures than in the origihal forest.
¢ Stone and others (1969, p. 67 ) suggested that, frcm the point of

view of protecting park resources, redwodd should be the favored species

{ in the initial restocking of cutover lands adjacent to the park. Redwood
second growth would lessen the potential for insect invasion and fire
hazards as well as minimize problems associated with restocking following
subsequent cutting cycles.

At least two exotic large plants are pfesent in the downstream

half of the Redwood Creek basin. Monterey pine (Pinus radiata) has been

Us‘by timber companies working east and southwest of Redwood -Naticnal

3
!
i
i
§;
g

Park to stabilize actively eroding cut banks and fill slopes. A few of

these pines are in cutover land near Berry Glenn w1th1n the park. Pearpas

sporadically
grass (Cortader1a selloana) occursjalong some roads in cutover land on the

¥estern side of the basin. Some occurs along the trail to the Tall Trees
Flat,

On slightly drier sites farther upslope and farther inland, redwood
becomes smaller and less abundant. As a corollary, the species compesiticr.
: }°fthe fdrest trees becomes more varied. Douglas-fir, hemlock, tanoak,

d madrone are the first trees to become more abundant. Throughout most

I R T T T

' Of the Redwood Creck basih, Douglas-fir is the dominant conifer.

In the sti11 higher more continental southern and southwastern

Brts  of the Redwood Creck basin, Douglas-fir remains a prominant part

. 106



3,{ the forest vegetation, but the associated trees are quite differant
from those that are prevalent in the more maritime parts of the basin.

_i2dwood, western hcmlock, Port Orford cadar, and grand fir are not present.

Elnstead the common associates of Douglas-fir are white fir (Abies concolor),
5

§incense cedar (Libocedrus cecurrsns), and black oak (Quercus kellszgii).

sAfew isolated Pacific yew (Taxus brevifolia) occur in riparian sites.

;Giant chinquapin (Castanopsis. chrvscchylla), canyon Tive oak (Quercus

. thrysolepsis), vine maple (Acer circinatum) and poison oak (Rhus diversilota}

g ire locally abundant especially on dry and {or) stony sites. Receat flood

{ terns of sand and gravel are being colonized by incense cedar, madrone,
and Douglas-fir.

-

¥

i The non-canopy vegetation, although not of any direct commercial
‘ value, does play a role commensurate with that played by the canogy trees
in 1ntercepting rainfaﬂ and physically holding the mineral soil in place.
The understory and ground-covering vegetatwn is. usuaﬂy quite dense

and varied in composition at most forested sites within the basin, except

in extraordinary dark conditions in some old-growth redwood groves,’ and
In some parts of the in]and Douglas ‘ﬁ'r - white fir - incense cedar forsast.
’breover, the noncommercxal, ncn=rboreal plants exert great influsnie on
the Visua] character1st1cs of the f1rest.

. .___.E’nd_e*r M;he darkest conditions associated with some flood plain and
‘°"e.r‘ hillslope groves of redwood, the underétory is limited to a‘sparse

COver of oxalis (Oxalis oreqgana) and sword fern (Polystichdm munitum).
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Under more open conditions associated with stands of mixed species
composition on mid-slope arnd upper slopes sites, the understory and
ground-covering vegetation is more dense and varied. Cormon plants,

in addition to oxalis and sword fern, include rhododendron (Rhododerdron

macroohyllum), black huckleberry (Vaccinium ovatum), red huckleberry

(Vaccinium parvifloium), salal (Gaﬁ]theria shallcn), azalea (Rhcdodendron

occidentale), hazel {Corylus cornuta var. californica), dogwood (Cornus

nuttallii), Oregon grape (Berberis, sp.), and several types of berries
(Rubus Spp. and Ribes spp.). A variety of small ferns and flowering

herbaceous plants also occur commonly at moist sites, especially in associa-

tion with fallen trees and stream banks. Vine maple (Acer circinatum),

.ﬁnquapin (Castanopsis chrysephylla), blueblossom (Ceanothus irvrsiflorus},

manzanita (Arctostaphylus spp.), and poison oak (Rhus spectabilis) become

more-abundant in the inland forest. In general the forest understory at
inland sites is not as Tush as that at sites nearer the coast.

Areas of natural prairie and &ood]gnd vegetation are intirately
associated with forested areas throughout most of fhe basin. Nonforest
vegetation occurs, however, more commonly (1) on sedimentary rccks thare
on metamorphic rocks, and (2) in iniand parts of the basin than near the
Coast, Furthermore, areas bearing fhese vegetation communities are Tarcer

“And-move abundant on south- and west-facing hillslopes than on north- and
_}ESt-facing hillslopes. Likewise, these vegetation communitiés are more
Common on ridge crests than on lower hillslopes.” Even in these nonforested

V4
."“S the vegetal cover usually effectively protects the underlying mineral
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soil from crosion except where 'that soil has been exposed by recent
mass movement, road construction, or over-grazing.
The most common communities of nonforest vegetation are grass

prairies, grass-bracken fern (Pteris aquilina) prairies, oak (both

Quercus garryana and Q. ke]lbggii) - grass woodland, oak-poison ock -

grass woodland, and oak-madrone - E;t*ush woodland.' The native bunch
grass-herb fiora has been largely replaced by introduced annual grasses
and weeds that are more tolerant of heavy grazing (Munz and Keck, 1968).
By far the most ccmmon elements of the brush flora are various species |

of Ceanothus and Arctostaphylos. Coyote brush (Baccharis pilularis),

wild rose (Rosa, sp.)‘. and birchleaf-mountain mahogany (g_erécargus

‘ etuloides) are also present. .Isolated individual Douglas-fir trees
are scattered throughout the expansiv;e brush areas, and groves of
Douglas-fir are common on north-facing hillslopes within these areas
(fig.]j & 30 ). Brush has heavily invaded some cutover land that formerly
bore Douglas-fir forest of the basi}l. Ceanothus is a major ccriponent on
Particularly dry sites in the southeastern part - of the in;ading brusk.

Although dense growth of alders and Ceanothus have retarded coni€erc.s

Yegeneration in some cutover land within the Redwood Creek basin, this
Seral invasion by noncommercial plants does have some ass;ociated tenefits.
‘These plants become éstabh’shed rapidly and retard surface erosion. More-
Over, nitrogen-fixing bacteria in root ;{odu1es of these plants’ put corsidaratis
hitrogen in the soil fl"R a form that can be readily utilized in the grui:tn

Of subsequent commercial conifers.
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!

i,ss movement (Colman, 1973), natural and Indian-set fires (Lewis, 1973)

The origins of the grass and grass-bracken fern prairies are obscure.

«d lateral variability in soil parent materials (Zinke, 1966) have

| bably all p‘layed a rol.e. Persistence of -the grasslands can reasonably
eattributed to plant-microclimate.interactions and grazing by elk,
Lr, and domestic cattle. . Nonetheless, most of the braizries display
‘border of oak-brush woodland and (or) young Doug]as-fir suogesting

;at the grasslands were formerly more extensive (fig. 7 15 31) This
nggestlon in turn raises the possibility that the present d15tr1butwn of
rames» may partly be a function of Holocene climatic fluctuations and
in-induced fire-control measures.

’ Considerable public interest focusses on some particd‘laﬂy tall
I'dividual trees as well as upon the overall vegetation mosaic “in the

deOod Creek basin (Zahl, 1964; Becking, 1967). Particularly noteworthy

*a redwood . growing . on' the upper flood plain of Redwood Creek opposite
‘emouth of Tam McDonald Creek. This tree was 367.8 feet (112.1 meters)
{" in 1964 and said to be the world's tallest living thing (Zahl, 19_64).
e other exceptionally tall redwoods were measured at the same time.
’“" heights of 367.4 feet (112.0 meters), 364.3 feet (111.0 meters),
r352.3 feet (107.4 meters) ranked them as the second, third, and sixth
Blest trees—fn the world. ‘The second tallest tree is in. a flood-plain
' opposite the mouth of Fortyfour Creek, while the third and sixth

r"est trees are in the same grove as the tallest. Beck’ing (1967) mentions

m
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sther tall redwoods as well as some éxceptiona]ly tall Douglas-fir,

.

yand fir, and hemlock trees in flood-plain groves along lower Redwood
&eek. Perhaps too much emphasis is placed upon the measured heights
;fthese trees, because growth, storm damage.to their crowns; and
;qmsition of alluvium at their bases cause frequent changes in height.

?tany rate, an exceptionally large number of redwoods and associated

%nifers on flood plains along Redwood Creek have grown to remarkable

higbts.

- 13



RESOURCE UTHLLZALION AND RELSTFD TAUDSCAPE CILVACGFS

The forestod landscape of the lower Fedwocd Creek hasin with its
zagnificent trecs, cermplex vegetation mesaic, and free-flowing streams
has been recognized as a valuable vpark resource an& some downstream parts
of the bazin have hocn set afside in Frairie Crock Stote Park aod Red-
wood Naticnal Tark for the purpese of public inspiration, enjovment,
and scientific study. The timber, grazing land, fish, aud stream
gravel of the 2sin, however, are rcesources of more clearly defin-
eble economic value. Utilization of scme of these econcmic rcsources

has occasioanally caused adverse impacts on downstream park resources.

TIMBER 4

The timber of the Redwood Creek basin is unquestionably its
resource of greatest economic value. Harvesting of this resource re-
quires construction of timber access rcads, and the falling, _v:—:rding-:L
and physical removal of the forest trees. 1In the past, these activities
have frequently been carried out in a manner that leads to accelerated
erosion, which in turn poses a direct threat to the scil resources at
" the site of timber harvest and an indirect threat to manv downstrcam

resources, including park resources.

The rugged topography of the Redwood Creek basin and its remote

1OCation relative to early lumber mills and centers of population
efgsctively placed the basin's timber in a reserve status until the
1930‘8 Logglng in the late nineteenth and early twentieth centuries
“°st1y involved clearing of the forest from flood plains, low terraces,
an afeas ad jacent to natural prairies in order to create more grazxng
n, 'bThe most striking example of commercial timber harvest visible

°“%lerial photographs taken in 1936 is an active or rccentlv completed

, Cable yarded clearcut involving more than 3000 acres of the headwaters

°f Devils creek and Panther Creek (fig. 32)—and.an.even largié?arca in

the adjacent basins of Little River and Maple Creek. A small portion

7

.Yarding is the transporting of fallen logs, usually by drapping, to storare
wreas from which they may sulucquently be transported by truck
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‘)f the timber removed from this cut was yarded downhill by skidding the ‘
logs with tractors. Other pre-1936 timber harvest units within the
Redwood Creek basin include a several hundred acre clearcut in the head-
waters of Pardee Creek north of Snow Camp Lake and several hundred acres
of selective logging above the Redwood Valley Road southwest of the
mouth of Hinor Creek. All told less than three percent of the total

basin appears to have been logged prior to 1936.

Aerial photographs of the Redwood Creek basin, and ground photo-
graphs of nearby areas assembled by the California Division of Forestry
(1972)l indicate that these early timber harvest activities were
associated with large clearcut units, heavy concentrations of slash,
and intense localized ground disruption around landings and primary
cable ways (skid trails). Large tracts of mineral soil were exposed
by the yarding operations and subsequent slash bufning, However,
except at localized sites of concentrated disturbance, the surface
- drainage pattern and the general configuration of the land surface were

.xodlfled much less drastically in these early tlnber barvest units
than in the large scale tractor yarded clearcuts of the 1960's and
early 1970's kEarth Satelite Corp., 1972; fig. 33, 34, and 35).
5

A comparison of the 1936 aerial photographs with similar photographs
obtained during the summer of 1947 indicates that tiﬁber harvest was con-
tinuing at a moderate rate. Several hundred acres of forest on the north-
West side of the Devils Creek basin were apparently selectively logged
early in the intervening period. Several other blocks of timber, all of
them less tﬁan a few hundred acres in size, apparently were harvested
late in this period in the headwaters of High Prairie Creek, Lupton
Creek; and Minor Creek, as well as on the east-facing slope between

'\a§'eg*ass.Ridge-Lord Ellis Summit and Redwood Creek. The dominant

~— ’ /
-9
- Alfred Merril of Louisiana-Pacific Corporation has shown the present
authors comparable photographs of the lower Little River basin near

g;annel taken immediately following logging and again in the early
70's
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harvesting proccdures appcar to Lave been selective cutting or a sced-
tree-leave (modified shelterwood) system coupled with downhill yarding
using track-laying tractors. Well less than five percent of the total
Redwood Creek basin had been logged by 1947. The first large-scale,
tractor-yardeéd clearcut in the vicinity of Redwood Creek, consisting
of a few thecusand acres in the headwaters of the north fork of Maple
Creek immediately west of the headwaters of Bridge Creek, was discern-

ible on the 1947 acrial photographs.

The cable yarded clearcut in the headwaters of Panther Creek and
.Devils Creek was, for the most part, well veéetated in 1947 and the
streams draining the cutoverlarea did not display-excessive aggradation
or an extraordinary number of streamside 1landslides. Some of the re-
generating vegetation apparently consisted of thickets of hardwoods,
rather than coniferous trees. The main haul roadg,.landings, czble

'vays, and skid trails were still unvegetated.

Intensive timber harvest began during the early 1950's in the up-
stream part of the Redwood Creek basin and during the late 1950's in
the downstream part. As of 1973 only about twenty percent of the basin StI]]
bears old growth forest. In the upstream part of the b351n, sizeable
uncut blocks of old growth timber remain principaily within Six Rivers
National Forest. More expansive areas of uncut old growth forest exist
in the lower portibn of th; basin, especially within Redwood National
Park, on the steep west-facing slope of the Redwood Creek valley immedi-
8tely adjacent to the park, and within the drainage basins of Bridge

Creek, pevils Creek, and Lacks Creek.

During the late 1950's and early 196035, timber harvesting procedures
¢volved toward using larger cﬁtting blocks, use of.bulldozer-COnstructed
layoue s (that is smooth "beds" into which trees are felled), and increased
Yeliance on tractor yarding and clearcutting. The eipansive tracts of

,rece“tly harvested land reflect the combination of large annual harvest :

“Bits and the sequential harvest of adjoining blocks of timber. Increased
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demand for redwood products led to an increase in the size of annual
timber harvest units. Adjoining blocks of timber were harvested in
successive years so as to minimize the costs associated with construc-

tion of roads through uncut timber to reach advanced cutting.blocks.

‘Increasad reliance on track-laying tractors in censtructing lay-

outs and in yarding logs to landings in part reflects the development

of larger more powerful tractors, but other factors are -involved. In the
early logging of redwoods, trees were felled either without layouts or into
layouts constructed from limbs and brush; this.procedure did not protect

the trees from the breaking and splitting to which they are susceptible
because of their large size and the brittleness of the wood. Bulldozer-
constn_xcted layouts have been far more effective in preventin;g such breakage,

and- are now utilized throughout the redwood region.

Large track-laying tractors beéame the dominakt form of yarding
equipment in the redwood forests of northwestern Calif&rnia during the
1950's when selective cuttiné and natural reseeding were the most
Pl'ejlélient silvicultural systems used in harvesting and regenerating
redwood forests. Lérge tractors proved to be versatile and effective
tools for selectively cutting old¥growth redwood forests. Duriné that
Period the timber Eompanies bl'xi_].;;u;; their inventories of large track-
laying tractors and’ equipment capable of yarding massive redwood logs;
these ‘companies also acquired considerable experience and confidence
In the operation of this type of equipment. Thus, it is not surpris-
Ing that when in the 1960's the timber companies reverted back to
elearcutting and even-age silvicultural management, they continuéd to
Tely on tractor yarding rather than acquiring ‘new modern cabl.e yarding
'q“ipment Additional reasons given by the compan1es for preferring
tractor yYarding over cable yardmg include the followmg.

1) Tractors (bulldozers) are “needed anyway for construction

- of layouts, landings, and'roads.- ‘ . .
' 2) Excessively large redwoods are too bulky and heavy to B&
handled by all but the largest and most expensive cable

8ystems.
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3) Tractor yarding is more versatile than cable yarding
in terms of terrain and property configuration. .

4) More stem breakage is associated with Eable yarding
‘than with tractor yarding;

5) The operation of large yarding tractors is cheaper, .
faster, and safer than the operation-of high lead or

slack line cable yarding cquipment.

The forestry staffs of the timber companies operating in the
environ:§ of Redwood National Park have discussed with.the'presené
authors an impressive number of silvicultural, practical, and economic
reasons for using clearcutting in the harvest of the old growth red-
wood and Douglas-fir forests of the Redwood Creek basin. Most of
these reasons have been presented in recent papers prepared by the
California Division of Forestry (1972), and Arcata Redwood Company
(1973). Basically, selective logging of old growth redwood and red-

I'ood—DOuglas-fir forests in northwestern California was abandoned when
industry and governﬁent foresters'ndfed that the residual trees did not
experience the rapid release of growth that was anticipated following
thinning of the original stand. In fact, many of thé residual trees
sustained severe stem breakage or were toppled by wind storms. Further-
morg, the residual trees did not a}ways prer to be as reliéble a seed
Source as was anticipated. Additional reasons given by timber industry
Spokesmen for utilizing clearcutting in the harvest of old growth red-
wood include the following:. . .

1) Clearcutting .is an extension of the population dynamics

of the natural forest. Approximately even-aged stands of

redwood and.Douglas-fir occur naturally and appear.to result

e

~—— s ffom such natural catastrophes as floods, landslides, and
fires.
- 2) Redwood and Douglas—fir seedlings can be Qore successfuily
established in bare mineral soil than in foresé humus ;
— Douglas-fir seedlings do well in sunny locafions, but

poorly in shady locationms. ‘ : ' T -
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3)

4)

5)
6)

7)

8)

Without utilizing clcarcut logging or fire as a manage-
ment tool, forest succession over‘the next scveral cen--
turies could cause hardwoods and other conifers to
become the dominant trees in some presently redwood-’
domninated forests (Stone and others, 1969).

Many trees are inadvertently killed or damaged during
selective logging. Moreover, breakage of felled trees
{s more prevalent during selective logging than during
clearcutting. '

Clearcutting minimizes road construction and caintenance.
Timber stands in Humboldt and Del Norte Counties are
taxed at full value until seventy percent of the stand
has been removed. If a stand of redwoods is thinned to
this degree, the rémaiﬁing trees are highly susceptible
to wind throw and stem breakage.

Any deleterious impact on the environment is short-lived
and readily reversible.

Selective logging requires the land to be subjected to

. Tepeated trauma rather than to a single trauma as in the

9)

case in clearcutting. Ground disturbances associated

with relogging operations often damage or kill regenerating

forest trees and accelerate erosion.

The composition of the regenerated forest can be controlled by

planting and aerial seeding to provide the most economically

desirable mix of species, -

Regenerating even-aged, second-growth forests are better

-wildlife habitats than virgin forests because second-growth

_forests are more open and provide-more browse.

. Managed even-aged, second-growth forests are less susceptible

-+ to fire, insects, and disease than uneven-aged, virgin forests..

Vigorous young growth redwood forests are growing today on
sites that were clearcut and repeatedly burned in the late

nineteenth and early twentieth centuries.
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13) Cooversion Lo cu cven-aged stand 1avolives Lhe pgenceration
of swaller trces of wore uniform tize that can be harvest-
ed with snaller equipment than old growth forests. Smaller
equipment causes less ground disturbance aod less accelerated

erosion.

" The basis for the first, third, and seventh of these

.

rcasous is incenclusive. RNatural catestrophes, like those cited in
reason cna, have indced resulted in approxjcately even-aged stands
within red.;ood znd redﬁood-Douglas-fir forcsts. Thcse cven-aged stands,
however, tjpically cccupy widely separated sites that afe not more than
a few hundred acres in size. Most are only several tens of acres in
size. With regard to rcason three, on-going -research by Stephen Veirs
. (1972) indicates that at most hillslope sites the redwood trees are of
mixed ages, although the associated trees often represent an event-re-
lated, uniform age class. Veirs further believes that redwood can
continue to dominate the forest vegetation even when few seedlings

and young trees occur in the uncderstory because of the greater longev-
ity of individual redwood:'trees relative to that of the associated
‘trees; the grecat longevity of the redwoods allows them to bé replaced
more-or-less on a one-for-one basis. Detailed logging impact studies
(Fredriksen, 1970; Brown and Krygier, 1971) that serve as the principal
justification for reason seven documented the impacts a§sociated with
smaller cutting uﬁits, and considerably less ground disruption than

that associated with the recent conversion of old growth redwood to even-
.age silviculture. The types of environmental impact associated with
large scale, tractor-yarded clearcut harvest of old growth redwood, as
‘well as the magnitude and persistence of those impacts, remain to be
established, and provide the central theme for our on-going studies in
the Redwood Creek basin.

Aithough some valid silvicultural and economic justifiéations for °

the present reliance on large clearcut blecks and the use of large
tractors for layout construction and yarding can be presented, the
basic fact remains that the type and amount oi—ground—surface dlsruption
associated with this comblnatlon of forest practices leaves the 1and~
scape more susceptible to accelerated erosion than any combination of
practices previously used to harvest redwood timber (Curry, 1973).
Three examples of recent tractor yarded clearcut timber harvest units

in closc proximity to the Redwood Creck unit of Rcdwood \atlonnl Park

e e

125



aﬁ;shown in figures 33, 34, and 35. Glimpses of this mode of logging
are shown on other photographs included in this'rcport. Detailed
photographic documentation of ground-surface conditions in these units

{s contained in the photo essay prepared by Earth Satelite Corporation
(1972) . Downhill tractor yarding requires construction of roéds and
landings at mid-slope and lower slope locations which tend to be less
stable than upper slope locations because of steeper hillslope gradients,
more soil water seepage, and thicker accumulations of celluvium associated
wvith the lower parts of these hillslopes. Parts of skid trails and
associated'layouts are frequently cut to depths in excess of three feet,
and cause some water that had previously infiltrated the foreé; floor to
reappear as surface runoff. The tractor skid trails tena to be laid out
fin fan-shaped patterns that converge downhill at landings and concentrate

surface runoff. After completion of timber'harvest low berms of soil

and associated ditches ("water bars") are placed across the skid trails in
tﬁr to divert water on to the adjacent forest floor and thereby to impefie

ion by concentrated runoff. Some skid trails, however, have been carved

too deeply to allow for effective construction of water diversion structures.

Moreover, even when skid trails have been carved to. relaiively shallow
depths, water deflecting berms and associated dltches are often of in-

sufficient height -and number to be ‘effective.

] .- - .
Lo ‘ -~

- w————— - [ NS e .“ -

The total ‘amount of ground disturbance from logging operations is

—————

' "Ptessive' interpretations of recent aerial photographs with the aid of
direct ground observations indicate that in a sample of six typical timber
hrves; units that were logged between 1968 and 1973 and that involve a total
f - Wea of 5000 acres upslope from the Redwood Creek unit of Redwood National
"‘k: about 81 percent of the total ground surface has been disrupted (the
l’tnge for individual cutblocks is 80 to 85 percent), and about 41
Hucent of the area is covered. with roads, skid trails, layouts, and

ings (the range for individual cutblocks is 35 to 50 percent). The
:A..teffect is to obliterate completely the fine details of the natural
| ‘nage Pattern and to create an artificial wicrotopography. -Qﬁ.ﬁgunds
E trenches that often displaysrelief in excess of five feet.
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Considerable effort is expended by timber companies to utilize as
mch of the wood fibre produced by the forest as possible. Nonetheless,
a considerable volume of smashed or rotten logs, tree tops, limbs, and
broken brush remain on the ground following logging. These logging
residues together with the surface litter and near surface roots pro-
vide some proiection for surface soil from sﬁéet wash and rill erosion.
However , residue concentrations are a serious fire hazard and dcéupy
space that could be occupied by new forest trees; thus, the residues
are usually burned. Surface erosion is often accelerated following
burning of logging residues by destruction of organic debris that
‘serves as small check dams for fluvially fransported sediment (Fredriksen,
1970) and by creating water répellent layers that increase surface rumn-
off (Rice and others, 1972).

' The amount of time required for the cuéover land to become re-
vegetated is a function of the orientation (aspect) of thé hillslope,
I'ﬂw amount of original ground disturbance, the procedures used in re-
stocking the forest, and the sequence of climatic events during the
recovery period. For example, if exceptionally intense rainstorms
lnitiate gullies and debris slides during the recovery period, revege-
tation will take longer than under more nearly '"nor-nal" conditions. In
feneral, however, tbe groﬁnd surface in cable yarded areas and between
%kid trails in tractor yarded areas usually has a nearly comp{;te cover
of herbaceous vegetation and new forest shrubs and trees within four to
th[years of the burniﬁg.of the logging residues. More deeply disturbed
nd (6f)‘60mpacted areas, such as landings, layoété,hénd.éractor skid.
trails often remain unvegetated and actively eroding for more than ten
Years following burning. Even after the crown cover of the regenerating

§
{{
E“éﬁg§§hgppe§rs reasonably complete on aerial photographs, field traverses

o ™9 persistent areas of bare mineral soil and some actively eroding
Ballow gu1lses. ‘ '

~Xhe amount of ground disruption associated with the harvest of the
Co . . . .- -
;f\i "d growth forest should be significantly less than that associated
t .
h harvest of the old growth forest because the trees would be cut '

¢
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when they are of a smaller and more uniform size that can be handled
with smaller yarding equipment. However, the extreme amount of
primary mechanical and secondary erosional modification of the land-
surface resulting from tractor yarded clearcut harvest of old growth -
redwood may at many sites hamper the effective use of conventional
yarding equipment during harvest of the second growth forest. The
irregular ground surface would accentuate the amount of earth that
would have to be moved in order to provide yarding equipment with
effective access to proposed harvest sites away from maintained roads.
The irregularities would also increase the amount of soil disturbance
associated with yarding operations. The amount of ground disruption,
although significantly less than that associated with the old growth

harvest would probably still be substantial during harvest of the
second growth forest.

The timber companies operating on the border of the Redwood
Creek unit of Redwood National Park in cooperation with the National
Park Service initiated in 1973 some modifications of their timber
harvest practices that were designed to mitigate the impact of on-
going logging on park resources. These modifications focused on an
800-foot-wide, so-called buffer adjacent to the park boundary, 75- .
foot-wide strips adjacent to designated streambanks, and areas with
recently active mass movementl/. More effort is now taken to
minimize ground and vegetation disturbance at the park boundary and
in the designated streamside areas. Within the buffer at the park
boundary, harvest units are restricted to an average size of about
20 acres, separated from one another by uncut blocks of timber and,
for the most part,yarded by cable systems that apply some 1ift to the
logs. The uncut'ﬁ]ocks are not to be harvested for at.least
years following slash burning in the adjacent cut block. An example
of 1973-1974 timber harvest within the buffer at the southwestern end
of Redwood Nationai Park is shown in figure 36. Timber companies also
have recently utilized cable yarding

~

S ———————

Y m the unsigned cooperative agreements between the timber
Companies and thé National Park Service, restrictions were
also placed on road construction and maintenance in that
Part of the Redwood Creek basin that extends upstream to and

Includes the drainage basin of Lacks Creek. /4;237
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in timber harvest operations within 400 feet of desicnated streambanks
and within critical areas so designated by the National Park Service
because of a prior history of mass movement. Cable yarding results

in an upslope-converging fan-like pattern of shallow cable ways

(skid trails) that tend to disperse surface runoff. When the terrain
is reasonably steep and not too irregular, cable yarding tends to alter
the ground-surface configuration and the amount and pattern of surface
runoff much less than tractor yarding. In 1973, away from the areas
specifically mentioned in the unsigned cooperative agreements between
the National Park Service and the neighboring timber companies, the
dominant mode of timber harvest remained tractor yarded clearcutting
of harvest units several times larger than those in the buffer. The
degree of protection afforded park values by the recent modification
of timber harvest procedures in parts of the lower Redwood Creek basin
remains to be evaluated.

130



ROADS
Tﬁe more than 1000 miles of roads within the Redwood Creek basin are
associated with Major erosion problems but they provide access needed
to protect and fully utilize the economic, rgcreationa], and scientific
resources of the basin. The roads are,-thus, an important resource in
their own right. The recently relocated State Highway 299 is the only
major avenue of regional commerce to cross the Redwood Creek basin
upstream from thé mouth of Prairie Creek. Thé only other paved roads
in the basin are the Bald Hills Road, theiRedwood Valley Road, Chezem
Road (old State Highway 299) and a part of the Snow Camp Road. All
these roads, except Chezem Road, were designed to provide access to

| ranches'and'logging operations within the basin. State Highway 299 is

l.a major tran;portation'link between'thé Sacramento Vé]]ey and the
coastal cities of northwestern California. The Redwood Valley Road
and Chezem Road provide access to established residences and
recreationgl home sites. However, the other paved and unpaved roads
in thé Redwood Creek basin aré designed and maintained primarily to
Provide access to commercial stands of timber or electrical
transmission lines, and only'incidentally provide access to grazing
areas or botentié] recreation sites. When timber harvest in an area
is completed, many access roads cease to be maintained,4and erosion

-.-and, (or) encroachment of vegetation soon make them impassable. The
estﬁetie and physical impacts of the more than‘3000 miles of tracto;.'
skid traiis throughout the basin are similar to those of othe;:

" Uhpaved roads.
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Construction of some of the roads in the Redwood Creek basin has locally
accelerated erosion by both mass movement and fluvial processes,
thereby caused long lasting adverse impacts upon other resaources.
Roads accelerate mass movement by removing lateral support from the
toes of potential landslides, b& intensifying downslope-directed
compongnts of gravity and seepage forces in existing or potential
slide areas, and by creating new slide-prone materials such as
sidecast spoil and fill. Within the Redwood Creek basin, road-
related debris avalanches are a éommon form of mass movement. Roads
- accelerate fluvial erosion by expasing materiéls readily eroded by
sheet and gully erosion, by increasing surface runoff, and by
diverting ahd cbncentrating surface runoff.
’ The 1ocation; size, and design of .these roads appear to strongly
influence the degree to which they accelerate erosion. The lower
two thirds of the hillslopes in the Redwood Creek basin have steeper
gradients, th{cker accumulations of colluvium and more frequent and
voluminous seepage of soil water than the ridge or-the dpﬁef—thfrd.af.:'
the hillslopes. Moreover, roads on the lower portion of these
hillslopes require more cuts and fills and cross more streams and
Iands]ide§ than roads on the upper hillslopes.. Thus, roads on the
?ower two thirds of these hillslopes are much more likely to
accelerate erosion thén comparable roads on the upper hillslope.
The:Redwood Creek basin has a particularly large number of roads on
the middle and lower parts of its hi]]slopes,.because of the reliance

' On downhill tractor yarding in most loggfng operation§ in this basin.
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Erosion is most likely to be accelerated when road prisms are adjacent
to stream channels or within active or recently stabiiized landslidés.
The common practice of sidecasting road spoil directly intp stream
channels leads directly to accelerated erosion and destroys riparian
vegetation, thus affecting aquatic biota and habitats in the streams involved
Another common example of undesirable road-stream interactions is the
erosional faj]ure of fill and culvert crossings of small streams. Many
failures result from the downstream end of the culvert discharging
directly onto unprotected fill. Moreover, these culverts are often
plugged.with debris which causes an upstream impoundment of water. The
fill then may fail by over-topping and subsequent gullying and (or) by
saturation and slumping. The massive amounts of sediment introduced .
to streams by direct sidecasting and (or) by erosional failures of fill
and culvert crossings may cause intensive local aggradation that is
rapidly attenuated downstream along dently sloping streams. In
cbntfast, the iniroduction of_such massive amounts of sed{ment'into
more steepiy sloping streams may'génerate highly erosivé debris
torrents that scour downstream reaches of the affected streams, and
Possibly initiate downstream streambank landslides.
Initial sfope failures at sites where roads cross'active'}andslides
Usually result from removal of support and increased seepage on
“~Eﬁiﬁanks or overloaded lower fill slopes. Although such initial
failures are often quite small, they can further adversely change the
distribution of stresses in the affected landslides énd lead to

--»
Progressive failure of more massive slides.
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Much of the erosion damage-associated with forest roads takes place
after timber harvest when road maintenance is often neglected.
Following logging the majority of the roads in cutover land are used
infrequently or not at all; mainténance.operations are concentrated
on the most frequently used roads. Under these circumstances plugged
culverts and obstructed ditches become more common and cause new
drainage adjustments which once again lead to accelerated erosion:
Therefore, roads that are not needed for fire protection or active
management of the regenerating forest should be returned to a nearly
natural condition. |

Careful planning, construction, and maintenance could mitigaté much of
the damage caused by erosion related to timber access and haul roads
(Bullard, 1965; Packer 1967; Hicks and Collins, 1970, Lantz, 1971;
Larse, 1971; Burrough and others, 1973).

OTHER RESOURCES “ |

The Indian population considered the fish of Re&wood Creek as a

valuable food resource and established sizeable fishing v;ilages at

the mouth of the creek and in Redwood Valley. Early white settlers

also utilized the fish for food. Present utilization refates primarily
to sport fishing; the California Department of Fish and Game (1963)
estimates that 150 salmon and 500 steelhead are caught annually in Redwood
Creek. Department personnel and local residents say that this

represents a drastic decl{ne in the annual total of fish caught and

thé number of fish caught per angler day. The estimated average

' annual spawning escapement of chinook and coho salmon in Redwood Creek
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is about 7000-which is only about 2.5 percent of the total salmon
escapement for California coastal streams north of Humboldt Bay

(U.S. Fish and Wildlife Service, 1960). Thus, the salmon of

Redwood Creek probably make only a relatively minor contribution to
the local ocean-going commercial salmon fleet. During the late 19th
and early 20th Centuries, the natural browse associéted with the
grass, and grass-bracken fern prairies was the resource of primary
interest to the white settlers in the Redwood Creek basin. Some
attempts were made to cut and burn the forest on the borders of the
naturalﬁprairies and to convert them to rangeland. Most of the
attempts at land conversion were oﬁly partly successful and much of
the converted land is now covered with brush and (or) second growth -
forest. Aerial photographs taken in 1936 show that the prairies
between Redwood Creek and the Bald Hills roéd,;at the mouth of Lacks
Creek, 'in Redwood Valley, and on the ridge between High Prairie Creek
and Lake Prairie were being actively utilized as rangelang, and small
orchards were associated with most of the individual homesteads.
These same areas as well as some smaller natural prairies are still
utilized for grazing by{?ﬁesp:znﬁ,cattle. Range management and road
maintenance in the hillside prairies (especially in their downstream
Portions) is difficult because of naturally occurring landslides. The
turf in most of the grazing areas appears td.be'in good condition, and

9ullying and lTandsliding do not appear to have been accelerated by

grazing.
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Sources of.durable road metal for_paved and gravel surfaced roads are
not common in the Redwood Creek basin because of deep weathering and
intense fracturing of the bedrock. Greenstones within the Franciscan
assembledge of rccks are probab}y the most durable rocks évai]ab]e for
road metal. Stream gravel, and massive parts of the Franciscan sand-
stones in the eastern part of the basin, however, are more readily
available. Small borrow pits and quarries have from time to time been
operate& near State Highway 299 gnd near various logging operations in
the Redwood Creek basin. Most of these excavations were designed with

" 1ittle thought to minimizing erosfon, and many, therefore, remain as
active sources of sedimeﬁt long after the borrow.operation Qas ceased.
Excavating gravel directly from the bed of a stream is

disruptive of the_loca] aquatic habitat and can increase downstream -
turbidity; thué, this practice is closely regulated by the California
Departmeﬁt of Fish and Game. Procedﬁres used to mit%gaté the impacy

of these gravel operations include dikes to prevent downstreanm increase;
in turbidity and the use of bypasses to allow for free pégsage of
migrating fish. During 1972, relatively large quantities of gravel were
excavated from the bed of Redwood Creek near the mouth of Prairie Creek,
and smaller quantities were removed near the old U.S. Highway 299 bridge
}nd near the mouth of Panther Creek. Prior to the establishrent of
Rggﬁoéd National Park, Georgia-Pacific Corporation (now Louisiana-
Pacffic Corporation) excaQated gravel from the sidestream alluvial fan
Of Tom McDonald Creek; their excavations may have impeded the growth

of the fan, and minimized its tendency to deflect the main stream *

Current against the Tall Trees Flat.
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STREAMFLOW

STREAMFLOW CHARACTERISTICS
The dominant runoff characteristics of the Redwood Creek basin

are a large but highly variable annual amount of runoff, a pronounced
seasonal concentration of runoff, and a high runoff-precipitation ratio
(fig. 25). These characteristics result primarily from (1) the large
but variable amount of annual precipitation, (2) the fact that most of
the precipitation is concentrated in a short period when soil moisture
is hignh and evapotranspiration losses are minimal, (3) the relatively
thin regolith overlying impervious rock, and (4) the rapid delivery of
runoff to the main channel by numerous short steep tributaries. |

’ Prolonged low flows and high flood flows are part of the natural
flow regime of Redwood Creek; nonetheless, both extremes'are sources of
environmental concern. Low flows of summer greatly regtrict the liviné
area avaiiable to aquatic orQanisms,make>the stream§ prone to excessive
heating, and allow defe]opment of a continuous subaerial river mouth bar
that prevents migration of anadromous fish. Flood flows drastically
®odify stream channels and riparian hillslopes, transport enormous
Quantities of sediment, and damage works-of-man and esthetic values. Recent
changes in land use particularly large-scale, tractor-yarded, clear-cut
tuber harvest and associated road comstruction apparently have affected the
t““°?f extremes of Redwood Creek. The degree to which land-use changes

bave affected runoff from individual storms remains uncertain. Even
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when land—use—rela;ted changes in runoff are only modest, those changes
can medify stream channel geometry and alter the naturai erosion processes
(U.S. Dept. Agr. River Basin Planning Staff, 1970).

The presant runoff characteristics of the Redwood Creek basin are
reasonably well documented by continuously recording stream gages on
Radwood Creek near the old highway 299 bridge crossing (Redwood Creek
rear Blue Lake, drainage area 67.6 square miles or 175 square kilometres),
at the southern boundary of Redwood Mational Park (drainage area 185
square miles or 479 square kilometres), and at Orick (drainage area
278 square miles or 720 square kilometres) and by periodic discharge
measurements made at three other sites along Redwood Creek and at 20
localities on tributaries downstream from the mouth of Coyote Creek. The
types of data collected and the period of record for the three recording
stream gages on Redwood Creek are presented in Table 1. Because streamflow
records from within.thé Redwood Creek basin are of relatively sho?t duration,
historical trends in runoff characteristics of this basin have to be evaluat-
ed in part from extrapolations of streamflow records from n&arby basins and
qualitative observétions of long-time residents concerning historic flood
marks, cepths and persistence of snowfall, and summer low flow. Systematic
Periodic discharge measurements at nonrecording sites within the basin
were not initiated until the 1974 water year.

The-éverage annual streamflow of Redwood Creek at Orick for the
twenty-year period encompassing water years 1954 through 1973 is 783,800
acre feet or 52.86 inches which accounts for about 66 percent of the

.estimated mean annual basin-wide precipitatton—{Rantz; -1964»),,5;;he annual
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Table 2. Annual Runoff ut Recording Stream Gages Along Pedwood CraeXk
: Luring Paricds of Concurrent Records. Values are given in
acre feet and , in parentheses, inches.
Redwood Creek

Redwood Creek at South ‘Redwood Crezz
Year near Blue Lale Park Boundary at Oricx
1954 302,200 (BC.2) 193,000 (53.2)
1955 ‘552,300 (37.2) 114,000 (31.5)
1956 1,174,000 (72.2) 307,100 (85.2)
1957 767,200 (51.7) 182,800 (53.7)
1958 982,200 (66.2) 285,600 (72.2)

.1971 1,021,000 (58.9) 658,200 (66.7)

1972 1,064,000 (71.8) 704,500 (71.4).
1973 555,000 (37.7) 387,600 (39.3) 139,400 (38.7)
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runoff, however, is highly variable (fig. 26, Table 2) with a standard
deviation of 204,900 acre feet or 13.82 inches which is about 26 percent

of the mean. The recorded annual runoff at Orick was ranged from 482,000
acre feet (79.12 inches) in the 1968 water year to 1,174,000 acre feet
(79.18 inches) in the 1956 water year (Table 2).

The daily discharges during any given year at Redwood Creek at

_Orick-can be expected to fluctuate through a range of five thousand fold
about a median discharge of 325 cubic feet ﬁer second (fig. 37). Mean

daily flood discharges in excess of 7000 cubic feet per second, and mean
daily low discharges of less than 23 cubic feet per second have occurred -
during every year of record (Table 3).

’ The seasonal pattern of mean monthly runoff clqsé]y follows the

seasonal pattern of mean monthly precipitation (fig. 25). The seasonal
runoff-precipitation relationships shown by these mean monthly values are
similar to that shown by typical storm§ during the coursé of the water year,
but individual storms may differ dyastica]ly from this pattern. Most of

the Tate summer and early autumn rains that end the pro]ong;a summer drought
have.re]atively Tittle impaét upon stream discharge. As the stdrm season
Drbgresses, soil moisture and ground water reservoirs become recharged

and an increased proportion of precipitation appears as direct runoff. Most

storms throughout the winter are associated with warm air masses so that
&

-

-
—

nearly all tha precipitation is rain. Usually little water is stored as
"*Snow and the amount of snowmelt is insufficient to cause any major freshet.
"9n§theless, a few flood discharges, including that of December 1964, have

.be‘én augmented by rapid snowmelt induced by warm rain. Late winter and
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spring snowmelt may also result in minor diel fluctuations in discharge
and help sustain flow at the end of the storm season. Stream discharges
gradually decline during the course of the summer with the lowest dis-
cnarges commén]y occurring after the end of a mid-summer rain-free period,
but before onset of major autumn storms.

fhe magnitude, persistence, and frequency of occurrence of environ-
mentally restrictive, extremely high and low streamflow for Redwood Creek
at Orick are presented in tables 3, 4, and 5, and figure 3. Daily dis-
charges at the Orick gaging station are less than 49 cubic feet per second
about 19.4 percent of the time (Table 3). During these periods of low
flow, many tributaries with drainage areas of less than one square mile
are dry or intermittent. Log-Pearson type III frequency analyses (water

Qesources Council, 1967)]—/ suggest that in any given year there is an even

chance that for periods of one day, 14 days, and 30 days, daily flows at
Orick will be less than 18,.21, and 25 cubic feet per second, respective]j
(Table 4). The chance in any gi?en year of the minimum daily discharge
of Redwcod Creek at Orick not exceeding 10 cubic feet per second is about
one percant. .

In contrast, daily discharges for Redwood Creek at Orick exceed 2000
Cubic feet per second about 14.9 percent of the time (Table 3). Log-
Pearson type III frequency analyses suggest that'in any'given year there

Is an even chance that for an instantaneous peak discharge to exceed

= This reference deals primarily with the frequency analysis of

AMual-series flood discharges, but these techniques can be used for

a'S'EQUency analyses of any hydrologic variable whose population may be
‘ Stmed to follow a log-Pearson type III distribution— - --- e
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25,400 cubic feet per second (Table 5, fig. 38) and for periods of one
day, three days, and seven days, daily flows will exceed 17,330, 12,600,
and 3,600 cubic feet per second, respectively (Table 5).

During the last 20 years, five flood peaks in excess of 45,000
cubic feet per second (162 cubic feet per second per square mile) have
occurred at Orick, with the largest being 50,500 cubic feet per second
(182 cubic feet per second per square mile) on December 22, 1964 and
the smallest 5eing 45,306 cubic feet per seéond on January 22, 1972.

The winter of the 1972 water year was exceptionally stormy and another
major flood with a peak discharge of 49,700 cubic feet ber second occurred
on March 3, 1972. Two floods with discharges of 50,000 cubic feet per
second occurred on January 18, 1953 and December 22, 1955. A1l five |
'of these Redwood Cregk floods were associated with high antecedent moisture
conditions, warm storms of regional extent, and prolonged rainfall of -
relatively moderate hourly intensity (Paulsen, 1953; Rantz, 1959;
Hofmann and Rantz, 1963; Waananen and others, 1971). Some perspective
on the relative magnitude of the peak water discharge associated with
these floods can be gained by comparing them with peak discharges of two
highly publicized recent floods.

Although these five flood peak discharges on Redwood Creek were

Quite similar, the individual flood events differed greatly in duration,

volume, and damage {Table 6). The 1964 flood throughout most of north-

145



xoauo ' }993) poompay 1037
sodaeyosyp dyuod v:oo:cucQumca 103 3aaand Kduenboay [11 odL3 uosavdg-3o gg 2andig

. NCILISHA InvS

3HL LY SINTIYA YEYO FANML UNT® INIVN ULeI)IE) 7 - §
z...:_f.nm..?
3HL LY SINTIVA vLiVU Onl NV JNIYA gty I Ivevy
zc:_noz InYS 1V 0631104 SINTIVA YLV Lng ] .:....- - ¢
' NOT11S0d 3WVS 1V 111107« m.:....; VivO jndN] () = 2
. allistg
. ) INYS LV INIVA Yivu v 91 3NTIYA LIRS IT) 7 - O
. JAYA HQYEINYIe) v - o
. . : - . INMVA 71V Qo] 4T = X
' : 1074 3H1 NI 4Y3dd¥ AVR $0nMAS 9% 1na) 109 36}
STIVANIINT ION3INMNIIY . !
002 001 0s s2 ot S < [T A | 1t TR Tt son*t
000t |enve |soenn|cncccn|avcans | - [ R T - caluwa | 3 l.llll_ voout
| ) | ) ! | ) ) | ) . '
] ) | i ! | ) ) | ). |
{ ) ! ) | | ) | { ] \
[ | | | | | ) ) ] | | |
| \ | | ) ) | ) ] | | !
1 [} { ) i [ O | 1 | i I }
| | | [ | I | | | i 1 I '
| | | i ) | | | ! ) | 1 .
| 1 \ ) [ | 1 . ) | ) ' '
| ! | ! } | | . | [ [ ' f
{ | 1 | [N | | ] | | ' 1
! | ] | | | . | ) ' 1 . ! |
] ! | 1 1 | | 1 | ] . ' .
] | ) | | } | | 1 ) | | .
{ ) | | ] | ) ) ' | ) [
{ [} | ] ! [} ) [} ' 1 1 .
f 1 [ | { | ) ! ] ) . | :
0000¢ |wonn |ccsncniascvaca|acane [} [} cron|ave - - Ty | |eReccapuperacaleeae] ooyl
' { { { ! ] . [} [ [} ) ' [}
{ | .l | ) | | ) I x ] | 1
[ | | | | | ' [ 1 x X o | | ]
| | ) ! [ ] | . X Ye ] ) ! ' .
) ! 1 | | | ' | [ 1 | (. [ '
| | ] | ) ) | «y X | | ) ! \
' o ! 1 1 | Y0¥« [ ! ) | \
| f | | | | Y X ¥ | . { | ) { ]
\ | | | 1 | 1 | | | | | {
{ | { { ] . X 1 1 ! | | !
' | ! | ] Iy | | ) ) . | '
| ! ! | ° | ) | | | | [
! | ] [+ I X I ¥ x | | | | ) 1 1
[ | P | ) | | } [} i [ ]
| . ! | | | 1 ! 1 : { [ [
. | | | | f ! |- ! [ [ [ .
\ [ l [ | | 1 1 [ t ! '
0004( |ecoe|ancen |catens |scacesecn |atsccane |sonncnoncnesccncen |ccuccnsnncatscncn|crssanaa|a el ssncaflance] 20yII!
Svu*0 (n*o fun *ncao t*o o’°0 as’n Ne®f an’u “Ay Ane San'y

TY R R L TV

146



western California appears to have been the greatest flood since 1852
(Esfmann and Pantz, 1953). In Redwood Creek, the peak discharge of the
1554 flood was only slightly larger than peak dischargas associated with
tna 1953 and 1955 floods, but total flood volumes and damages in 1964

were significantly greater than those éssociated with the earlier floods.
Residents and timber operators within the basin suggest that the increased
property damage in 1964 reflects both increased capital investment by
tizber companies and small land owners, and increased sedimentation at
sites inundated by previous flood. More streamside slides were triggered
by'this flood than by the previous floods (Colman, 1973); pbssible reasons
for the increased sliding are discussed later in this report.

The October 1950 storm is included in Table 6 in order to emphasxze
some of the factors that control flood magnitudes in this basin, even
though isg-Pearson type III flood fréquency analysis (Table 5) suggests
that a fiood peak of the magnitude of the 1950 flood, estima}ed to be
23,000 cubic feet per second (Rantz, 1959), has a better than even chance
of occurring in any given year. The rainstorm associated with the 1950
flood was exceptionally intense (Paulsen, 1953), but did not generate
exceptional runoff in Redwood Creek because antecedent moisture conditions
were low and because the intense rains were apparently limited to the
t0astal part of the basin. The fact that the forested hillslopes in
the downstream end of the basin were virtually unlogged at the time of

this flood may algo have moderated the 1950 flood peak.

— e e

e 2
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The major floods in this area, even though they are of regional
extent, werecharacterized by hignly variable unit runoff which reflects
variations in rainfall intensity as well as differences in drainage
basin characteristics. Regional patterns of rainfall intensity display
gfoss differences from storm to storm with the datails of any given
pattern showing close orographic control. Isohyetal maps for the storms
causing the 1550, 1653, 1955 and 1964 floods are included in the reports
by Paulsen (1953), Rantz (1959), Hofmann and Rantz (1963) and Waananen
and others (1971). Regional precipitation patterns and runoff records
from Redwood Creek (Table 7) and adjacent basins suggest that unit runoff
in_the Redwood Creek basin during the floods of October 1950, January 1953,
and January 1972 was greatest in the downstream fpart of the basin. Indeed.
the two highest recent flood peaks in the neighboring ‘Little River basin
were the floods of January 1953 and January 1972. Similar data suggest
that unit runoff for ﬁhe December 1955 flood was nearly uniform throughout
the basin, and that unit runoff for the floods of December'IQEﬁ and March 1972
wﬂS‘greatest in the high inland parts of the basin. An imporfant coroliary
of these observations is that some downstream tributaries of Redwood Creek
(including those within Redwood'Natfona] Park) may have experienced
greater flood discharges in 1950, 1953, and 1972 than they experienced
in 1955 or 1964. | |
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Table 7. Unit Runoff for Notabla Recent Flood Peaks in the Drainage
Basins of Redwood Creek and Little River, Humboldt County,
California. Discharges are in cubic feet per second per
square mile. '

Date Redwood Creek Redwood Creek Little River

near Blue Lake at Orick . near Trinidad

(67.6 sq.mi.) (278 sq.mi.) (44.4 sq.mi.)
January 18, 1953 1/ 180 2/
December 22, 1955 179 180 191
March 11, 1957 ° 87 87 209
February 8, 1960 - 90 191
Japuany 20, 1964 - ' 136 - 4 179
@ cenver 22, 1964 2433/ 182 18
January 4, 1966 - 142 187
January 23, 1970 - 88 185
. November 24, 1970 | - 1o 199
January 22, 1972 102Y 163 219
March 3, 1972 203% 179 214

. . - ' , _
Y Flood marks for this flood were at a stage of 15.3 feet, whereas
flood marks for the flood of 1955 were at a stage of 13.7 feet. No
discharge value was assigned to.the 1953 flood peak.

Y Flood marks for the flood were at a stage of 15.7 feet, whereas
flood marks for the flood of 1955 were at a stage of only 9.63 feet.
discharge value was assigned to the 1953 flood peak (Hofmann and
Rantz, 1963). ' .
3 . - T e e ;
4 Discharge was estimated from flood marks and stage-discharge
.1ations in effect when operation of station was discontinued.
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—[f any channel aggradation occurred in the interval between the
discontinuation of the record and tne 1964 flood peak as seems to
ba the case, the estimated discharge would be nigh.

y At the time of these floods this station was being operated only
as a flood-warning station. Peak discharges were estimated from
peak stages and a re-established stage-discharge station.

1404



Available data, although meager, suggest that runoff characteristics
for the entire Redwood Creek watershed are generally similar to those
at Orick (fig. 39, Tables 3, 3, and 9), excent that the upper basin may
be characterized by slightly larger average annual unit runoff. This
difference, however, is not great and varies considerably from year to
year (Table 8). The larger average total annual ehit'rdﬁoff probably
reflects larger annual precipitation in the headwaters than in coastal
areas. Unit runoff differences are discernible at both high and low
discharges (fig. 39). Higher unit discharges during storm eeriods are
documented not only by flow duration analysis, but also by the fact
that annual instantaneous unit peak discharges at the B]ue'Lake station
in.all of the eight years of reliable documentation were equal to»or
'larger than those at Orick (Table 7). In four of these years the unit
peak discharge at Blue Lake Qas more than 25 percent larger than that at
Orick; Only the more notable of these floods are summarized in Table 7.
Hﬁgh un1t flood runoff determined for the gage near Blue Lake probably

results:pr1mar1ly from the smaller drainage area and steeper channel

Gradients in the upper basin than in areas downstream from the gaging station

aﬁéa?‘Blue Lake. Secondary influences are related to more intense storm

"'QCiPitation, thinner regolith, less channel storage and, apparently, a

l“'Sﬁ_amount of tractor~yarded clear-cut logging in the upper basin.

S

he h1gher sustained low flows observed at the gage on Redwood Creek

ar, BIue%Lake relative to those observed at downstream gages (fig. 39) .

ire

> Somewhat surprising given
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tRe thin regolith, steep hillslopes and channels, and warm; fog-free
sy-mers that ara prevalent in the upper basin. Perhaps the lower density
of forest vegetation in the upper basin reduces evapotranspiration-induced
moisture losses to the extent that physical and climatic factors are
outweighed. Any difference in vegetation-induced evapotranspirafion
would be accentuated by the fact that during the peridd of concurrent
st}éam-gaging records the proportion of recently cutover land in the basin
above the gaging station near Blue Lake was far greater than fn the basin
as a whole. -Another explanation for the apparently greater low flow at
the upstream site is that the much narrower and thinner alluvial fill at
that site provides less opportunity for intragravel flow than at Orick.
The difference in valley-bottom configuration brobab]y account for most
of observed difference in low flow. ,

“Tributaries draining predominantly schist terrane, other factors

heing"%qua1 appear to show slower responses to storm precipitation, lower

%PeardeScﬁarges, and higher sustained low flow than tributaries underlain.

; redor nantly by less metamorphosed rocks of texture zones one and two.

»ars 1954 through 1973 are generally 51m1Tar to f]uctuat1ons in

al“miﬂ'“:at'ic)n fbr 0rick-Pra1r1e Creek Scate_£§£5 but some intriguing
F? ’ Fa, . .' . i “‘"q’wx?
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discrepancies in this pattern are discernible (fig. 26). Three periods
of water years characterizad by greater than average annual runoff for
Redwood Creek at Orick, are apparent in graphs of cumulative departures
from the mean (fig. 26); these periods are water years 1956 through 1958,
1963 through 1965, and 1971 through 1972. The first and third of these
pe?iods coincide with periods of greater than average annual precipita-
tion at Orick-Prairie Creek State Park, whereas the second period
coincides with a period of average or slightly less than average precipita-
tion at Orick-Prairie Creek State Park. Because the amount, as well as
the;intensity, of streamflow strongly influences erosicn processes, it
istimportant to seek explanations for the apparently increased percentage
‘_annua.l streamflow at Orick.
1 Runoff-precipitation relationships may not have been constant over

Athe entlre 20 years of stream records at Orick. Flow-duration curves

;37) suggest that average tota] annual runoff has become greater

_and thgthboth except1ona]1y high flows and exceptlonally ]ow flows occurred

‘UP .ftéquently duriﬁg water years 1964 through 1973 than during the

;;eced 6g‘ten years. Curves of cumulative departures from the mean

g JZG)Pa]so suggest that 1n about 1962 Redwood Creek at Orwck started

...... A iy

-t

Q%gr t]yxdecreasing annual prec1p1tat10n 1s partlcular]y 1ntr1gu1ng

I ST

“'4‘

beCause in a humid c11mate evapotransp1ration Iossgs vary ]1tt1e from
rear tO year so that annual runoff-precip1tation rat1os normally vary
direct]y with total annual precipitation. These apparent changes are

o
- St discernible on the graph dealing only with periods of sustained

h{
fah Stream discharqges (fig. 27). i



" Thesé apparent changes in runoff relationships cannot be satis-
factorily explainad solely in terms of changes in precipitation amounts
or intensity at Crick-Prairie Creek State Park. For example, during
water years 1954 through ]963;about 7,746,100 acre feet of water flowed
past the Orick gage and the total rainfall at Orick-Prairie Creek State
Park was 719.51 inches. On the other hand, during water years 1964
through 1973 about two percent more water,7,928;éoo; acre feet, flowed .
past the Orick gage even though the total rainfall at 0rick-Prairie»
Stete Park was 663.65 inches or about 93 percent of the:rainfall during
the preceding ten years. This increasad runoff apparently cannot be
satisfactorily explained by increased rainfall intensities at Prairie
‘ek State Park. At that station, 24 fewer days with precipitation of
more'than 0.01 inch, 5 fewer days with precipitation ofkmore than one

inch and 17 fewer days with precipitation of more than 2 inches occurred

Liag iwz.? G

between water years 1964 and 1973 than during the precedwng 10 years.
wE oy L
Horeﬁsat1sfactory explanations of the apparent changes 1n runoff relation-

shxps at Orick may be related to changes in regzonal prec1p1tat10n patterns
'*Qmﬁf%xe>»i‘

PhYSiOQraphy of the Reﬁwood Creek bas1n and .ts environs, large var1at1ons
v Ea &

?i“ﬁ,egtonaT‘prec1p1tatlon patterns appear to be part of the var1ab1]1ty
MRl e W

nt in’ the present climate. Annual prec1p1tat1on records at Crescent
City Ho pa;
‘ }?iﬁ 47{4‘ ;, -

t Some of the varxat1on in annual precipitation-runoff . nelqééonshlps

Eureka and Board Camp Mountain (fig. 28) do indeed suggest

tha

&

is . .. . . i
to say that under some circumstances precipitation at Orick-Prairie
CV‘Q ‘
ek S . .
) tate Park may be a rather poar index of basinwide procipitation.

15606

0ch may reflect variz2tiens in regional annual rainfall patterns. That



Rggibna1 variation in rainfall patterns (fig. 23 seem partly to explain
anomalously low runoff in 1957 and anomalously high runoff in 1963, 1565
and 1569. However, the positive departures from mean precipitation at
all of these weather stations are much smaller than the coeval positive
departures from mean runoff at Orick.

Additional factors that could account for part of the recent
apparent increase in the percentage of annutl rainfall that appears as
strgamflow in Radwood Creek at Orick include changes in land use and
chdnge in the time sequence of storms in relation to each other and to
seasons of the year. Both types of changes can influence streamflow
by modifying evapotranspiration losses, interception, énd antecedent
soiT moisture conditions. Logging and road construction can further
tnd1fy streamflow by reducing infiltration and by 1ntercept1ng subsurface
f10w a]ong roads and skid trails. OQur 1nterpretat1on of data re]ated to
the p0551b1e 1mportance of time sequences of storms and changes in land

| use on 1ncreas1ng streamflow in Redwood Creek are not completed. However,

3 kY »L‘,

a~P£elim1nary rainfall-runoff model of streamflow data collected at Orick
5 #1
ﬁiﬂdwra1nfa11 data collected at Qrick-Prairie Creek State Park (D. R. Dawdy,

-

agﬁﬁLee and G. W. Kapple, written communxcatlon, 1975) suggests that
&3 ’L;,

rainfall—runoff re]at1ons have changed and that the increased runoff

) z";i’v 3 G

caﬂ1n0t be explalned by seasonal effects or antecedent mOISture Because
°fﬂconsiderab1e public concern about the poss1b1e lmpact of timber

;?§‘TVQSt on the streamflow regime of Redwood Creek, we summarize in the

-

t°1J-°!>Iing paragraphs our preliminary findings and interpretations in light

—— . e < me gy

E °f published studies on logging-induced streamflow modificatioie.

B
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TI“BER HARVEST AND STREAMFLOW
‘ Althougnh data presented in this report are insufficient to prove
quantitatively any land-use induced changes in the runoff characteristics
of the Redwood Creek basin, we have noted the coincidence that intensive
timber harvest and associated road construction in the Redwood Creek
basin were initiated at or immediately prior to the apnarent change in
runoff characteristics. Moreover, initial measurements of storm pre-
cipitation and runoff in some tributaries 5n the lower basin (Iwatsubo
and others, 1975} suggest that recent changes in land use, especially |
intensive timber harvest, have increased annual runoff; runoff from
small and moderate storms appears to have been increased more than that
from major storms. The preliminary Redwood Creek findings are compatible
I'Lith more detailed studies at exper1mental watersheds with climate and
Veqetation not greatly different from those of Redwood Creek (Anderson
and Honba, 1959; Rothacher, 1965, 1970; Black, 1967; Hibbert, 1967;

fﬂarper, 1969 and Hsieh, 1970 quoted in Brown and Kryger, 1971; Harris,
_1971) *

’Most analyses of the 1mpact of logging on stream runoff in the
;‘iterdture c1ted above suggest (1) that logg1ng 1ncreases tota] annual
i_?Unoff (2) that the increases in runoff are most pronounced durlng ear]y

;‘“tumn storms and the b1olog1ca11y cr1t1cal summer dought (3) that

*himPﬂCts upon maJor f1ood flows are less than upon ]ow and moderate

Stri?m dxscharges, and

L
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(4) that any increase in flow persists for relatively few years. These
changes in runoff patterns are summarized in schematic flow duration
curves shown in figure 40.

If the recent increase in the frequency of both extremely low flows
and extremely high flows on Redwood Creek at Orick (fig. 37) partly
refleéts logging of old growth Redwood and Douglas-fir forests, a com-
parison of figures 37 and 40 suggests that fhe logging-induced changes
in the runoff regime of Redwood Creek are somewhat different than those
observed at experimental basins in northwestern California and southwestern
Oregon. These differences may reflect larger cutting units, greater ]
ground‘distﬁrbance, and more pronounced summer drougnt in the Redwood
Creek basin than in the experimentai basins. Increased ground disturbance
as;ociated‘with recent logéing of old growth redwood compared with that

‘assbciétéd with Douglas-fir-dominated logging in most experimental water-
;;heds ig the Pacific Northwest results from the greater use of tractor
gyﬂrding;in the‘redwood region. Also the large size and brittle nature of

/rtdw "d t1mber often require bulldozer-constructvon of layouts. Forest

Practicns in the redwood reglon are discussed in more detail in the

‘sect1on on resource ut111zat10n.

Increases in runoff following logging have usually been ‘explained

;imy e prev1ous]y cited references pr1mar11y in terms of (1) decreased

.,
%?Ft6rcept1on of rainfall and direct evaporation from canopy vegetation,

(2l5 OiT compact1on lead1ng to decreased inf11trat1on rates and soil
isture‘storage, and (3) decreased dep]et1on of’so11 moisture by evapo-

1ranSplrat1on Loudermllk (1966) has expanded sl1ght1y.upon infiltration-
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WATER DISCHARGE

Pre~lagging
conditions
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ggéyge 90.

Schematic representation of typical
change in flow frequency curves '
following timber harvest as suggested
by paired basin studies previously

- reported in the literature.
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" oriented explanations of increased runoff by suggesting that theory
and limited experimental data indicate that highly turbid waters draining
recently denuded land will infiltrate any given soil profile much more
stowly than clean water draining well-vegetated land. All four of these
processes have probably influenced stream runoff from catover land in the
Redwood Creek basin. However, fhe;type and degree of mechanical disrup-
tion of the soil within tractor-yarded cutover land brings still other
runoff generating processes into play.

The role of increased mechanical disruption of the ground in
increasing runoff can be understood best in terms of a partial area
(Dunne and Black, 1970a, 1970b) or variable source (Hewlett and Hibbert,
1967) model of storm runoff generat1on Subsurface seepage from cutbanks

’along roads and Skld traﬂs as descmbed by Megahan (1972), appears to
be a major (perhaps even dom1nant) process in generating overland flow

~ifn the Redwood Creek basin. The conversion of subsurface flow to surface
& g«g_xsu,u ;

;;flcw greatly increases the tota1 area within a basin that consists of
_yw{g %;3; L
‘;either saturated soil or actual free-water surfaces. Rain falling.on

5»:““’ a m : 2 o
these areas is converted ent1re1y to surface runoff and leads to greatly

kothers, 1969) Cable yardlng systems resu]t 1n fan- shapad patterns

. 160



disperse overland flow. In contrast, tractor.yarding ("cat logging")
results in dendritic patterns of skid trails that are commonly several
feet deep and converge downslope and teﬁd to concentrate surface runoff.
In most experimentaf watersheds in the Pacific Northwest high lead or
sky-line cable systems were used to yard the logs, whereas tractor
yafding has been the dominant style of logging in the Redwood Creek basin.
Some controversy abdut the impact of logging upon flood discharges

still exists. Andersoﬁ and Hobba (1959) suggest tﬁat loggfng can incréasé
unit discharge of high as well as low and moderate flood flows. Similarly,"
Black_(1966) suggests that the increased frequency and magnitude of flooding
in the Eel River basin is directly related to logging. In contrast,

l'pntz (1965) believes that peak discharges of the devastating 1964 flood
in northwestern Ca]ifqrnia were not influenced by ]dgging. Hewlett and
Helvey (1970) indicate thaf; even when peak discharges are little affected
by t1mber harvest, the total volume of storm runoff is increased signifi-
Cantly, and this lncreased volume could result in lncreased-downstrean
f]oodzng. The spatial distribution as well as the size and number of

recently cutover areas within a basin influence peak dlschargas (Stone and

'Others, 1969) The papers cited above have relied on completely different

J?ﬂalytlcal technxques and only limited data. The present authors believe

i St - " the magnitude of ..
fth&t the 1mpact of recent tlmber harvest upoq/maaor floods in the redwood

lonnis an urgent quest1on that st11] cannot be def1n1t1voly answered.
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Cohsfderaple historical information (McGlashan and Briggs, 1939;
Paulsen, 1953; Hofmann and Rantz, 1963; Rantz, 1965), as well as geological
and botanical evidence (Zinke, 1966; Stewart and La Marche, 1967;

Helley and La Marche, 1973) indicates that destructive, high magnitude
floods occurred repeatedly throughout northwestern California long before
the initiation of any major changes in landuse. Historical observations
on. the Smith, Klamath, Trinity, and Eel Rivers(fig.28) suggest that the
Reﬂwood Creek basin probably experienced floods in 1862 and 1890 phat were
cemparable in magnitude to those of 1953, 1955, 1964, and 1972. Helley
and La Marche (1973) have used radiocarbon and tree-ring dating to assign
ages to prehistoric flood deposits at several localities in northwestern
- California. These vorkers conclude that a flood 1arger than that of
‘cember 1964 occurred about the year 1600 and that floods closely
Acomparable to that of 1964 have occurred several times since then.
L At several localities within the Redwood Creek basin we have observed
fTodd plain stratigraphy comparable to that described-by Zinke (1966) and
Pré-historic Holocene gravel deposits bearing apparently a single young
age class of conifers comparable to those studied by Helley and La Marche
(1973) So far we have attempted to date these features only by counting
annual r1ngs on stumps. Even these limited data, however, suggest that

J

a flood—re]ated dep051t10na1 event comparable to that of 1964 had not

w0ccurred 1n the headwater reaches of Redwood Creek dur1ng the preceding

'300ayears ‘whereas grave] deposition comparable to that of December 1964

d‘d occur at least once in the late nineteenth century in the reach between
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highway 299 and Redwood Valley. More systematic sampling of these
ancient flood deposits would undoubtedly provide a clearer understanding

of the magnitude and recurrence interval of méjor floods.
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STREAM AND VWATER QUALITY

The overall water quality of Redwood Creek and its major tributaries,
1ike that of wost other streams of northwestern California, is good in
that its water generally meets the objectives of the California North
Coast Regional Water Quality Control Board (1974). Moreover, these
streams support an interesting and diverse aquatic ecosystem comprising
a"father limited number of individuals. At present the problems relat-
ing to water quality of these streams are principally streambed insta-
bility and h%gh suspended-sediment concentrations during late autumn and
winter storm periods. The observed combination of high water temperature
and low dissolvéd-oxygen concentration along the main channel and some
low-gradient tributaries during low-flow periods of late summer and early
autumn is élso undesirable. Accruing data further suggest that high
conééntrations of essential plant nutrients, locally excessive periphyton,
and coiiform bacteria may occasionally'cause water-quality problems in -
somé parts of the basin. The degree to which these water-quality problems
ré;uit from man's modification of the natural environment is not obvious;

g L

this iS'particular7y true in the case of the seasonally high stream sediment

&ﬂg
»,,:

,108(18.‘ (Janda. 1972)
VﬁEDIMENT DISCHARGE
i i%a ok

{§2§gended sed1ment discharge
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exceptionally large annual suspended-sediment load and that most of the
!l!iment is transported in a rather brief period of time. Indeed suspended-
sediment discharge records suggest that northwestern California is the most
rapidly eroding region within the conterminous United States (Judson and
Ritter, 1964); at least 18 northwestern California stream-gaging stations
that monitor drainage basins in excess of 100 square miles are characterized
by average annual suspended-sediment yields in excess of 2000 tons per
square mile (Janda, ]972). Recent reports on the high sediment loads of
individual northwestern California rivers include Ritter and Brown (1971),
Brown and Ritter (1971), Knott (1971, 1974), Ritter (1972), and Brown
(1973). |

Even in this environment, however, the suspended-sediment load of
" Redwood Creek appears to be noteworthy. In fact, during the first three
y.s of complete sediment records (watef years 1971 throﬁgh 1973) the
-average annual suspended-sediment yield of about 8,100‘tons per square
mile fbr'Redwood'Creek at Orick was, on a per square mile basis, nearly
two times greater than that of the Eel River at Scotia (Table 9)--a basin
E;redited with the highest suspended-sediment yield of any comparably
'§ized river in the conterminous United States (Brown and Ritter, 1971).
During this time, however, the suspended-sediment load of the Eel River,
AiﬁAall but one year, was far below the 16-year average load (Table 9)
~~beca.use the major sediment- transport1ng storms were not as intense in the
'Eel River baSTn as in the Redwood Creek bas1n.

‘ A common me thod of study1ng the sediment-transport characteristics
of slvers is to défine relat1ons hetween water d1scharge and suspended-
sediment discharge. In this report we shall refer to the graphical- .

r sentation of such relations as sediment-transport curves. Sediment-
transport curves for stations along Redwood Creek are presented in
Tigures 41, 42, 43, and 44. Curves for stations at Orick and near
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Qw, DAILY MEAN WATER DISCHARGE
IN CUBIC METERS PER SECOND

Figure 41.
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Qw, DAILY MEAN WATER DISCHARGE
IN CUBIC METERS PER SECOND
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Qw, DAILY MEAN WATER DISCHARGE
IN CUBIC METERS PER SECOND
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Qw, INSTANTANEOUS WATER DISCHARGE

>
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susnzndad-sediizeont diccharge for selected intervalc of water dischergs;
trzse values were darived from a computer program described by Brown and

aitser (1971, p. 22-24). Thke regression lines were d:veloped from only
these averaze pcints. In contrast, the curve for the station at ths
southern boundary of Redwood Tational Park, where sadiment data are col-
lected on crly a psricdic tasis, is plottea in terms of instznianeocus
valuss of water and sedimsent discharge.

The in<requent events represented by the high values on thase curves
are responsible for most of the sediment transport. Thus, it is imperative
to define <thes upper parts of these curves as precisely as pessibla. Cu.r'}es
fitted vy eye to the actuzl data poinfs often have a gentler slope at high
dischargss than at low discharges (figure 4l and 44). Thus, simple lin=ar

regressicn lines may over estimate the actual suspended sediment discharge

. 88sociated with high water discharge. Envelope curves around all the
lctus.l data points used in the averaging computations are also shown on
these i11:strated sediment-transport curves.

Sedizeni-transport curvass often changs in response to major floods and

chaﬂ%és in land use. Following the 1964 floods, for example, sedirmant-
-t_t‘&llsyort curvas for many northern Califernia streams indicatzd that
mspen'déd-secliment loads for a given stream discharge were two to five tim:s

than they vere immediately prior to the flood (Andasrson, 1570;




rlc-d1, sediment-transport curves have gradually shifted back toward thoss
1£22cting pre-flecd conditions (Knott, 1971, 1574; Srown, 1373). Although

pre-lQTZ scdiment-tranzoort relaticns for Ruedweod Creex a2t Orick are poorly
zfined, the flcods of January and llarca, 1972, mey have causad a sligh*t

upwzrd shift in the sediment-transport curve (compare figures 41 and L2,

Ir rz.arby drainagzz vasins with gaging stations where suspende&-sediment

detz are collscted, th:z magnitude and duration of 1572 floods were not

larze encugn to altzsr their sediment-transport curvss.

. l

? ﬂf’coef icicnts of determination (ifewlett-Packard, 197L, p. 54-55) for

: ::ftc regression lines are all b; sh becanse of this avoerazins procodure
::1b'cau'; tiv: wntor dischars (WJ) is a factor in 4o ‘ﬁrﬁini 3 the
Fiinoadid-s 1'~~n; dicciorr (L2). Thuas, too ceodricitats haves ro physicn
S150i0 ranes and they ar: not Viotod,

17la



. When compared with otheor rivers with high suspend:d-sediment yields
(Lzcpnld and Maddock, 1953, Appendix B; Judson ;nd Ritter, 1964; Holcrmon,
19¢2), the hizh suspendzd-scdizent loads of northwestern California's
rivers appear unusual in that the loads are the product of high stream
disc’:‘.az;ge and relatively modest concentrations of suspsnded sediment
(Teble 10), For exarple, during the three yzars of rzcord for Redwood
Crzek at Orick the mean da2ily concentration of suspendsd sedim=nt has
teen in excess of 1000 mg/l on only 94 days and in excess of 5000 mg/1
on cnly five deys. The avsrage concentrations of suspended sediment
associated with ths avsrage daily discharge (1220cfs) and the daily discharge
with a recurrence interval of two years (17,300 cfs) for Redwood Creek
et Orick during this interval were about 300 mg/l and 5400 ng/i, res;éectively.
Storm runoff on nmany streams in the soutowestern United States and in |

kriéﬁlt:ral lana in the midecontinent is generally characterized by
considerz=ly higher concentrations of sus;pended sediment than streams in
nortl}weste:n California. In those areas, average suspendad-sediment
cqncentration is commonly sreater than 2000 mg/ 1 and storm ru;off cormonly
has concentrations of Several tens of thousands of milligrams per liter

(Leopold and lMaddock, 1953, Appendix B; Rainwater, 1562).
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Evea thoush concentrations of suspended sediment in Redwood Creek

are rot exceztlion2lly hipgh, moderate concentrations persist throughout

13
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in 11 season and Impart to tha crcek a distinctive
ray color. Averzza daily concentrations in excess of 300 mg/l comronly
persist for s=voral days at Orick; nine such periods por31s ted for more
than lO qays during water years 1971 through 1973. These pzriods occur
at the tima whan :adr mous fish ars spawning and their fr j emerging

——\
i<

Hoir=barz, 13 . rrolonzed exposurs to concentrations of suspended
3 S -2 }

sediment in =xcess of 200 mg/l are considered by some authors lethal:

N3

to fish (Gizzons znd Salo, 1973). These concentrations are also suffi-
ciently nigk to czuss local degradation of intra-gravel enviromments by.
artially Ircregneting streambed mat rials. The interactions between

agquatic orgznisms znd stream-sediment loads are discussed in more detail

Redwood Crz2x and in designing the collection of future suspended-sediment
daga; ths =piscdic nature o2 sediment transport alceng Redmood‘Créek,and
northwe isra Caliornia streams in general, must be fully appreciatad.
In_any §ivsn y=22r. n é arly zll the siream sedimant is transported during
ﬂ»few short intsnss storm psriods. Data documenting the episodic character
°f.se&iient <iransoort on Redwoed Creek at Orick are swmarizzd in

igire 45;'Fh5 dashed line on this figure is used to indicate that during
th31hate* ysars 1371 through 1973 stream discharges that ware equalled

3

Tive parcent of the
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.gig,z acccunted for abeut 37 percent of the total water dischzrge an
sranzperted 2bout 30 percant of the total suﬁpended-scdiment load. Simil=rly,
streen dischorzos that were cguallad or exceeded only 1 percent of the tixs

dguring watsr y=sars 1971 through 1973 account=sd for atout 15 percent of
the total water discharge and transported azbout half thes total suspendsd-
sediz2nt lcad, The episodic, storm-related nature of susp=nded-sedinmen:
transport for Redwood Creek at Orick is illustrated further in figures U
end 47, Only about .ll percant of the total suspend=d-sedimzant load' transgorted
by Redwood Creek during water years 1971 through 1973 was transported curing
vater year 1973 (fig. 46)}. Moreover, avout 80 percent of the total water
year l§73 suspended load Tor Redwood Creek stations at Orick and near Elue
Lake was transported during two brief storm periods between the middle of

.&cember and the middle of January (fig. 47). A more striking example;. of
the importance of storm runoff in determining the sedjmeﬁt load of P.edwcéd'

Creek is zrovided by the storms of March 1972; about 28 percent of the

Wspended-sedizent load transported at Orick during water years 1971 through

’

19(3; did 3o during March 1972. Thus, a year with low total runoff but a-

storms can result in a far greater sediment yield than a year

“sustained flow, but no major storms.
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'Suspended-sediment concentrations and load per unit area for Pedwood
Creek near Blue Lake are apparently about equal to those at Orick
(Table 11). Comparative sediment-transport curves plotted in terms of
sediment load per unit area for stream-gaging stations along Redwood
Creek near Blue Lake, at the southern boundary of Redwood Mational Park,
ard at Orick show rather similar relationships (fig. 48). However, at
high discharges that are responsible for most of the sediment transport,
thévsediment discharge per unit of drainage area appears to decrease
slizhtly between the station near Blue Lake and the southern Park
.beundary, and then to increase between there and Orick.

Dawnstream increases in suspended-sediment contributions from stream-
bank erosion and from recently logged areas apparently make up for
downstream decreases in suspended-sediment contributions from earthfjows

aid streamside landslides. Independent interpretation§ of aerial photographs

176 a -
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DAILY MEAN WATER DISCHARGE IN

CUBIC METERS PER SECOND PER SQUARE KILOMETER

1000

100

DAILY SUSPENDED SEDIMENT mscm’ae IN TONS PER SQUARE MILE

.0l iy | g
T //
4 350
- 35
- a5
— .35
— — : — 1" o35
-0 ‘ - 10 foo_ 1000
. . DAILY ‘MEAN WATER DISCHARGE IN_~ ~—~~ %3

. "< CcuBIC FEET PER SECOND PER SQUARE MILE
Lgure ¢

8.

Comparison of relations between water discharge
and suspended-sediment discharge for Redwood
Creek near Blue Lake, at south park boundary,
and at Orick.
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f énd field inspection at different times by the U.S. Depariment of
Agriculture’s River Basin Planning Staff (1970) and the U. S. Geological
survey (Curry, 1973) suggest that the area between the gaging station
near Blue Lake and the southern boundary of Redwood Na;ional Park may be
the m&st rapidly eroding part of the basin; available fluvial-sediment
dafa (Table 11) appear to contradict this observation but they are
iﬁsufficient to-test fully this hypothesis.

i-;}‘Gbservations throughout the Redwood Creek basin and initial

'méégg;éménts in the ddwnstréam third of the basin (Iwatsubo and others,

ClQiS)‘suggest that during observed storms of low to moderate intensity
tributaries draining extensive tracts of recent timber harvest have

rbiﬁggr“suspended-sediment concentrations and loads per unit of draihage

area than do tributaries draining on]y unlogged forests and revegetated

older logging units. The suspended sediment from the more recently

s10ggéd tributary basins also appears to be browner in color than that from

gégé basins. However, during the observed storms even the most heavily

~

;self’(Winzler and Kelley, 1975' Iwatsubo and others, 1975)

od of t1me along the main channel of Redwood Creek than in

ﬁhéﬂétudied tributaries. However, the role of the tributaries in

' Retent major changes in stream-channel geometry throughout the
¢ood Creek basin attest to occasionally high rates of bedload transport.

180



IIﬁhBW]edge of the absolute qudntitfes of bedload and the relations between
bedload and water discharge is scant because generally acceptable pro-
cedures for sampling and computing bedload are still being developed.
Paeriodic direct measurements of bedload utilizing the Helley-Smith (1971)
sahp]er, however, were started along Redwood Creek during water year 1974
(betsubo-and others, 1975). Initial data collected at six sites along
Reéﬁood Creek as well as data from similar nearby streams (Brown and
Ritter, 1971; Knott, 1371, 1974) shggest that bedload probably accounts
fb;ﬁfs to 35 percent of the total sediment load of Redwood Creek.

'";The percentage of sediment transported as bedload by Redwood Creek
apﬁgérs to decrease in a downstream direction. The absolute quantity of -
bedload moved past Orick appears to be significantly less than the
quintity moved past the southern boundary df Redwood Natjong] Park.
CﬂéhgéX aggradation along the reaches of Redwood Creek wifhin tﬁe Park,

:5as‘dqctmented by repetitive surveys of monumented stream-channel cross

;%dns in 1973 and 1974, (Iwatsubo and others, 1975), probably accounts
mich.of this decrease in bedload. |
The mechanical disintegration of streambed material, however, pro-
g?én alternative explanation for the downstream decrease in bedload.
deri§3’(1971) has pbstu]ated that this mechanism accounts for parp’of

the dqwnstream increase in suspended load that accompanies the down-

Wl S

a;ﬁdégreése in bedload along the Eel River. Mechanical disintegra-

Ofégéd material is a plapsible process along Redwood Creek as bed
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teria]g observed during low- flow contain a large number of cracked and
partly decomposed clasts of sandstone, siltstone, and schist that would
abrade and fracture quickly in transit. The proportion of mechanically
unstable clasts appears to decrease in a downstream direction. If
mechanical disintegration is. a prominent process, the downstream decrease
in bedioad should be accompanied by a downstream decrease in grain size
- of the-bedload and a comparable downstream increase in suspended load.
These conditions do exist along Radwood Creek, but present‘data are
insufficient to decide to what degree those conditions reflect aggrada-
tion, mechanical disintegration, selective hydraulic sorting, and intro-
duction of new sediment from bank erosion and downstream tributaries.
Data documenting the relative importance of each of these brocesses is.
needed to plan for the passage of present and anticipated sediment loads
.wrougn the park lands of lower Redwood Creek.
- The characteristics of streambed materials, the frequency and duration

Of‘bedlcad movement and the pool and riffle configuration in heavily-

‘Iogged tr1butary basins along Redwood Creek are str1k1ng1y different from

those in uncut basins. . Increased rates and frequenc1es of bedload trans-

*Dofthn 1osged versus unlogged tributaries are suggested bj qualitative observa-

fftions throughout the basin and measurements in the Tower third of the

;n (Iwatsubo and others, 1975). The streambeds in heav11y Togged
bGSins moreover, display more poorly sorted sandy pebble gravel than
tYEambgqs in uncut. areas. The poorly sorted sandy pebb)e gravel appears
q§ﬁfg§d primarily from erosion of rbadside ditches, gullied
§raf3§, and sidecast road spoil in recently logqged areas. The

.l?uﬂdépce and grain size of this gravel apparently decreases
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'rogressively downstream away from recent logging units because of the

patural sediment-retention capacity of rock pools and low-gradient stream
reaches above natural check dams created by streamside slides and fallen
trees. This retention would attenuate the immediate impact of logging-related
bed load on downstream reaches, where the most visible ini-tial modification
of the streambed materials is usually 1nc1.:eased quantities of brownish

"pud" (silt and fine sand) in pools.

"“jﬁf;?‘c'.The environmental price of this attenuation, however, is high. The
mnng of pools and the burial of previously stable wooden-debris jams and
roc’l'c"r'r;'iffles, along with a general smoothing and fining of the streambed,result
1n‘r]‘é.'e93 living area for swimming organisms and less stable substrates for benthic
m:éftebrates and periphyton. Observations along Oregon streams that are

ysf.j.ographically similar to tributaries along Redwood Creek suggest that

Lt

the introduced bed material normally works its way slowly downstream as

cEE G

a diffusely—defined slug, unless exceptionally intense rainfall leads to

3 f«'%'

’}»n'n

t.he generation of a scouring debris torrent like those described by

'tedricksen (1963) and Swanston (1971). As the introduced bedload moves

4“‘1'011311 unlogged downstream reaches, self-reinforcing feedback mechanisms

:‘lre occasionally initiated. Local aggradation, deflection, and increased

;.%nel" widths may cause erosion of streambanks and previously stable

quuvium. This, in turn, may trigger screamside slides and additional

: ‘lsl‘adation.

~~Ig-~term imylications of stream-sediment loads

’I'he onsequenc;e of the high stream—sediment loads measured along

00d Creek and other northwestern California rivers—-ﬁor-the_%ting
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atic and riparian ecosystems are reasonably clear and are discussed
elsewhere in this report. The implications of these loads for the long-
term evolution of the landscape, however, are more obscure. The principal
sources of uncertainty are the shortness of existing sediment records, the
impact c;f recent major floods, and uncertainties regarding future climatic
fluctuations and man's land-management decisions. Nonetheless, it is
- important to realize that if these high sediment loads persist for long,
they are a sourcé for immense practical concern (Wallis, 1965; Wahrhaftig
and Curry, 1967; Janda, 1972). This concern lies in the fact that the
stream-sediment loads are derived from the forest soils that support the
cqm;ercial.and parkland timber resources of northwestern California. Obser-
vations of types and degrees of soil-profile development on landforms of
“widely differing ages in northern California and southwestern Oregon suggest -
.at. the dominant timber-supporting soils in. the Redwood Creek basin have
developed over tens and even hundreds of millenia and partly u;xder climatic
ccneitioné aifferent from t':hose of the [;resent. Thus, over socially meaning-
fnlfpans of time, these forest soils are a nonremewable resource and should

‘ }é ;managed accordingly.

Erosion'rates computed from existing stream-sediment records suggest

that thé entire regolith could be eroded away in only a few millenia, even

Spp mLhen
Rl

. 1f the coﬁputed rates overestimate the actual long-term erosion rates by a

h Moo N
“factor of. two. Erosion rates computed from suspended-sediment records for

-

; hdw::od Creek at Orick for 1970-73, for example, imply a rate of erosion
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o,about 0.35 feet of rock or 0.7 foot. of soil per century, expressed in
terms of an average lowering of the land surfaces. This rate is more
than twice as fast as the geologically computed, up‘per linit on the
long-term average rate of erosion for this basin as discussed earlier.
Similar estimates of long-term erosion rates based on suspended-sediment
~loads' of nearby streams are presented in Judson and Ritter (1964),
Hahrhaftlg and Curry (1967), and Janda (1972) the present erosion rates
of these streams 2lso appear to be several times more rapid than .,he
geologically computed long-term average rate of erosion. The erosion
rates estimated from suspended-sediment loads would obviously be signifi-
cant]g} higher if they included bedload and dissolved load. Large areas,
however, will be characterized by rates of soil erosion that are con-
‘erably less than the average rate because stream- channel eroswn and
lands'hdmg, the dominant erosion processes in these basins, operate over

on'ly ratler small parts of the total landscape. Conversely, some parts

of the Tcndscape that presently bear mature coniferous forest could be

L
S g
e Ew

stripped of their soil mantle in a few decades.

j,,gnnresolved at present, both factors appear to have significantly increased

:thQSG rates. However, even when deliberate attempts (Knott, 1971, Table 5; Brown

Charge rates remain high For example, J. M. Knott and G. D. Glysson (written
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communication, 1975) indicate that the "long-term" average annual suspended-
sediment yield, calculated from the 1973-1975 sediment-transport curve and
~the 1954-1975 flow-curation curve, for Redwood Creek at Orick is about
5200 tons per sgquare mile, or more than 1.7 times the rate implied Ey the
gealogically ccmputed upper Timit on the erosional lowering of the basin.
Moreover, the long-term productivity of the land is strongly dependent
upon tha balance between soil-profile development and soil erosion
_frrespective of the reasons for that balance. Indeed, from the point of
view of forest management, the long-term consequences are most serious

if the present apparently excessive soil erosionreflects primarily natural
féctoys. In that case active erosion control is far moreAcomplex than if

erosibn results directly from the activities of man.
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The Impact of Man on Stream Sediment Loads

' The long~term natural erosion rates in the. Redwood Creek basin and
surrounding terrain, as discussed previously, have apparently been exception-
ally rapid relative to erosion rates reported from many other mountain areas.
They are, nonetheless, several times less rapid than the present rate of
erosion implied by measured stream sediment loads in the Redwood Creek basin.
This discrepancy undoubtedly reflects, in part, geologically youthful channel
incision, recent major floods, and perhaps othér natural phenomena, but massive
changes in land use over the last four deéades have also contributed to

increased erosion.

No direct measurements of stream-sediment loads wére'made on
Redwood Creek or comparable ]argé nearby rivers prior to intensive
timber harvest, grazing, and road construction. Direct quantitative
'assess.:ents of the impact of changed land use upon stream sediment loads are;

\ the(efore,'not possible.

;. Jhrae types. of qualitative and semiquantitative information, .

;?hgiftaken as a unit, do indicate that recent large-scale timber harvest
 §94w3$so iated road construction within the Redwood Creek basin have

g;ub tantia11y accelerated erosion, and thereby increased suspended—

;SEdiment concentrations and total sed1went loads. = These types af

fjnformatjon include (1) visual comparison of the.types abundance,

scale of erosional landforms 1n v1rgxn t1mber and c0mparab1e terrain

3§%£ecent1y been logged, as previously descr1bed, (2) 1n1t131;?
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’éct measurements of concurrent sediment loads in comparable uncut
and recently logged tributary basins (Iwatsubo and others, 1975), and
(3) a general review of the literature on the impact ofttimbéf“ha?vest

and assoc1ated road construchon on reasonab]y smn]ar dramage basins.

P i

only qualitative observations are available to suggest that the erosional

-

{mpact of hlghway constructmn, early grazing, and conversmn of faorest
to range in the Redwood Creek basin have been comparable to that
assoaiated with timber harvest. In the paragraphs that follow we discuss
only the impact associated with .timber harvesf--an actfvy‘ty that has
been carried out in about 65 percent of the-Redwood Creek basin during
the lasﬁ 40 years. | | -
. Recent rev1ews of the extenswe literature documentmg examp'les of - |
.e dlrect impact of logging and related actwvztxes on stream~sedxment
loads ha"e been prepared by authors representmg a broad spectrum of
~ommon "Dyrness, 1967; Packer, 1967; Curry, 1971a, 1971b, 1973; Amemcan
FOrest Instxtute, 1972; Rice and others, 1972; Brown, 1973; Gibbons and
Salo, 1973 Jones and Stokes Assoc. 1973) In the foﬂowmg discussion
we have tried to summarize our observatmns concermng the impact of

timber harvest on the sediment Toads of Redwood Creek and to extract

Lft‘om the hterature only those data and opinions that help. clamfy our
~~9b.$.er:_§twns a]ong Redwood Creek. With one exceptlon, we have purposely

avmded trymg to generalize, so as to avmd drawmg unwarranted conclusions

upon the impact of different styles of logging in different types

,°f~terrane. |
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. The one generality that.we glean from the recent literature is
that it is now widely ~ accepted that the harvest of wood fiber is
comparable to the harvest of food crops, overgrazing, Qi]d fire,'strip
mining, and.construction of housing tracts and highways in that all
activitiee that destroy the vegetative mat that protects.the underlying
mineral soil, lead to accelerated erosion. Considerable uncertafnty
end controversy, ﬁoweve;; still surround the magnitude, ddration,
ahd_ecoTogical conseqbences of the accelerated erosion that follows
é%mber harvest. Much of the uncertainty reflects the fact that the
erosional impact of relatively few combinations of 1oggfng systems

~and ferrane types have been adequately documented. Much of the
'controversyAappears related to over-generalization from a few carefully
.»tro'ﬂed expemments. A re]ated source of uncertainty and controversy
IS the fact that conditions and act1v1t1es in many of these controlled '
experlwents differ str1kzng]y from conditions and act1v1t1es that

’bpharacterIZe typxca] forest pract1ces (Leopold, 1972).

The number of 1nd1v1dua1 variables and combinations of variables

“.on stream—sedlment ]oads are enormous. Thus, the magnltude of

’that‘jmpact is hmghly variable. In some areas, such as the Cedar

‘.2911 Creek watershed of northwestern California, w1th a combination of
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i
unstable terrane, 'poorly managed logging, and extreme floods, accelerated .

erosioh and stream deposition following timber harvest can comblete]y
devastate downstream aquatic and ripa;ian habitats (Zinke, 1966). 1In
the drainage basin of Redwood Creek, as we]t as most forested drainage
basins in northwestern California and southwestern Oregon, the combina-
tion of yariables is such that the impact of logging on stream-sediment
loads lies somewhere between these extremes. An important corollary of
: these obsertations is that meaningful assessment of the potential impact
of proposed timher harvest should include detaiied study of the inter-
act1ons &dSEELJ the individual forest pract1ces involved in the proposed
| operatlon (for example, road construct1on and maintenance, felling,
yarding, slash dlsposal and restock1ng) with specific environmental
'ctors (for example, hillslope and stream-channel gradients, rock and
.§311 types, proximity of streams and landslides, and downstream and
i‘tgghhSIOpe-resources) at the actual site of the proposed activity. While

ff'much can be learned from experiences on other hillslopes. amd ‘in other
: %&km .

“dtalnage baSIns such experiences a]one should not be - used to assess the

~“ ELIS

,BVOWn;agd Knygler, ]971) and in the H. J. Andreus Exper1mental Forest

;

5,;iﬁithe central Oregon Cascades (Fredr1ksen 1970) These stud1es

ﬁ inVO’lved cab]e yard1ng of steep, clearcut. un1ts no larger than 237 acres.
.ults of these sStudies 1nd1cate that suspended-—sedment loads follow-

Ing logging are sfgnificant]y increased, but that under favorable
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circumstances tﬁose increases may be small, oersist for only a few
years, and be difficult to distinguish from natural variations imposed
by flood events. Road construction and slash burning accounted for
much of the increased Jtream-sedlment 1oads observed in the Alsea and
Andrews experiments.
ff A comparable paired basin study is in progress in wel]—bedded,
co;;tef belt Franciscan sedimentary rocks near Fort Bragg, California
(Krommes and Burns, 1973). Following construction of 4.2 miles of
rooq'end removal of 47 acres of advanced second—growth reonod along
tﬁe roéd-righf~ f-way, the suspeoded—sediﬁent discharge and debris=
ba51n deposition from the 1,047 acre South Fork of Casper Creek bas1n ’
“ﬁgeiiige?s%mg?lg?}o for at 1 ast four years. The magnitude and
o] e e Yy g

pers1stence of the impact, however, reflected failure of a splash dam

conétroc%ed during the initial timber harvest in the 1880's, as well

- %&W‘.,

as the prasent cycle of road construct1on and rlght—of—way logging.

Resu ts:of the selectxve cutt1ng of about two thlrds of the- South Fork
g'q‘t's

_DRSIn’s¢¥1mber that started in 1972 have not yet been pub11shed

The sedimentation’ reg1meﬁof the dralnage basin of Redwood Creek

1‘8 rather different from that in these experimental watersheds. ' Sus-
m‘§ '¢r~3
j990¢8d-sed1ment concentrat1ons and Toads are many times greater in

’Red&ood Creek and its major trlbutar1es (Iwatsubo and others, 1975)
znﬁétreams within these exper1menta]-watersheds. Moreover, most

ﬁ°fL§h¢’fogging that has been done in the Redwood Creek basin involves
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larger cutting units, greater ground disturbance and Tess rapid
recovery of ground-covering vegetétion than logging in the Alsea and
Andrews study areas. Additionally, in Redwood Creek logging-induced
changes in the character of streambed materials anc¢ increases in the
frequency'and intensity of bedload movement appear *to have had a more
: hevastating and persistent impatt upon aquatic environments than
increases in suspended-seaiment concentration and load. Bedload data
from experimental watersheds are incomplete, but major increases in
bedload movement were essociated with read-reléted landslides in the
Andrews Forest (Fredrikson, 1970). Thus, the results of the Alsea,
Andrews, and Casper Creok experlments are app]xcabTe to conditions
along Redwood Creek only in that they probably suggest a lower 11m1t
'tnxthe magnitude of man's 1mpact on stream-sediment loads.

Most of the ‘commercial old=growth redwood timber remaining in the
‘Redwood Creek basin is on steep and (or) unstabfe terrétﬁ in close
zbrﬁxfmify to major stream channels. Thus, even “though only a rather
“small amount of old growth remains, the harvestlng of those trees
fsbould 5= carried out in a most carefu] manner in order to prevent

a SIZeable increase in stream-sed1ment loads. lncreased sed1ment loads

"at th1s time would be part1cu1ar1y deleter1ous in that many reaches

fﬁf Redvood Creek and its tributaries have not yet fully recovered

— - haund

'tfromlthe increased sedxment loads and changes in channeT geometry wrought

mrecent f]OOda aﬂd earlier logging activities.
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Logging-induced erosional landforms in redwood-dominated forests
offthe lower Redwood Creek basin are in general not as obviaus
on aerial photographs as in the Douglas-fir-dominated forests of the
upper basin. Massive landslides in streamside cutover land, and road
and culvert failures are }arger and more prevalent in the upper basin
than in the lower basin (Colman, 1973). This differehce probably partly
ref]ects more deep]y weathered and cohe51ve soil parent materials, and
increased hillslope protection afforded by more abundant upper ftood
plalns in the lower basin. Additionally, because of sprouting and slow
decay of redwood roots and stumps soil shear strength assoc1ated with
tree roots is not decreased as much following redwood logg1ng as follow-
ing Doug}as -fir logging. Most of the apparent difference in frequency
’of post—]ogg1ng mass movement, however, is probably an artifact of the

lnteraccxon of recent storms and logging rather than a reflect]on of

maJor differences in inherent slope stability. Most nassave s]ope

”fhllures in the upper basin occurred on the wet, steep, louer parts =3

illslopes adjacent to maJor stream channels; examp]es of 1ogglng on

uth1§atype of terrane in the lower basin are not common. Moreover, the

%éXéﬁ§IES that are present represent recent Togging dpne subsequent

v;major storms that triggered most of the slides in the upper

. o

5651n. Some massive road fallures have also been prevented by general]y

hi er standards for road désign and malntenance in the ]ower bas1n
‘n‘tcontrast to mass mo.'ement small-scale fluvial erosion ‘ s S

Eféatures such as gullied skid tralls roads4de-d4iches4_gnd enlarged
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stream channels appear more prevalent in recently tractor-yarded clearcut

t1mber-harvest units of the 1ower Redwood Creek bas1n than 1n the o]der

-

Jogging units of the upper basin. This difference in erosion activity reflects,
"in part, the reestablishment of a reasonably stable drainage net in many
f the tributary basins in the upper third of the basin.
Concurrent measurements of stream-sediment loads for Redwood Creek
iqqq some of its tributaries that are in differing phases of the timber
:é;rvésf-tegeneration cycie ere availabie for the 1973-1974 storm season
(Winzler and Kelly, 1975; ‘Iwatsubo and others, 1975). Preliminary
1nterpretat1ons of these data suggest that dur1ng storms of moderate
intens1ty, streams draining tributary to basins that have been subjected
to recent intensive t1mber harvest, transport significantly more sed1ment
than streams dra1n1ng basins that remain v1rtua11y uncut or that vere
harves‘ed 10 to 12 years previously. The increased frequency and intensity
?f geeload transport appears more pronounced than the increase in suspended
load. However, dur1ng these moderately intense storms, even those tri-

W FAT

,bgéerieS'ihat have been subaected to except10na11y 1nten51ve“t1mber

S

harvgft transport on a per unit of drainage area bas1§,Tess sed1ment than
&
REdwood‘Creek

n addition to directly affecting stream-sediment loads, timber
ﬁ*'i" [

West may also have an indirect effect. Sequential aerial photographs

geambank eros1on is w1despread throughout the Redwood Creek
uffj T

g;;gn %pd that th1s erosion is not balanced by concomitant streambank
dQPOSition (U S. Dept. of Agriculture, 1970; Iwatsubo and others,

1975) Because natural stream channel geometry 1s adjusted to

r""Off volunes, and amount and type of sediment load (Leopold and
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Maddock, f955), jncreased storm rundff and béd]oad tra;sport from
recent timber-harvest units may accelerate downstream streambank .
erosion (U.S.‘Dept. of Agriculture, 1970, p. 57). 1In streaﬁ reaches
Tacking upper flood plains, stfeambank erosion frequently triggers
streamside landslides. The sediment added by these stides may then
cﬁyse further adjustments fn channel morphology. The whole process
~q{éé}ays a built-in self-reinforcing feedback loop which is discussed
uﬁfgore detail in the section on reéent changes in channel morphology.

Organic Debris

";%_Stream and riparian environments along Redwéod Creek are strongly
inf;uenced'by stream;transported Qrganic debris including fine debris A
th@;Lj§ transborted in’suspension and larger pieces of bark, 1imbs, and
}féégtrunks that are transported partly in suspension and partly as
.béaw}oad, As discuss;d in the section on physiography, fallen trees

and large Timbs often serve as check dams, energy dissipators, and

-~

f,i&tiﬁ"lfé};_\n%cheg for aquatic organisms. This coarse debris, however, can

A _éxg é destructiVe as well as a stabilizing influence on the aquatfc
i‘ronéent; quticu]arly large accumulations of coarse debris may
:friers:tq fish migra;ion.:'Others may def{ect the current aﬁdi

cause erosion of previously stable streambanks. This erosion,

ereby,

i%u*ﬁ;fmay topple riparian vegetation and (or) trigger landslides.

findt]ogs borne by- flood waters severely batier‘and even topple

k¢treémside trees, including young redwoods. The battered trees
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commonly have large areas of.bark knocked off. The resulting scars then can
serve as paths of entry for heart rot and other diseases. Furthemore,
tree trunks, limbs, and logs are usually the most massire and destructive
objects traosported by scouring debris torrents, because the closely
fractured bedrock limits the size of rock detritus.

. The coarse organic debris in most Redwood Creek tr1butar1es, including
all the tributaries within the Park, results mostly from natural causes

AR

‘ﬁuch as wind-toppled trees and streambank landslides. Many recent

\t1mber-harvest operations have introduced logs, pieces of bark, limbs,

ond other slash into the tributaries. To date, however, the natural
ol

roughness elements atlong the tributary streams appear to have been quite
effectwve in trapping logging-induced coarse organic debris close to the
siggrof introduction. Although stream-deposited accumulations of coarse
woodZn debris frequently contain rooted trees, the framework of the .
maJority of the accumulations observed along Redwood Creek between

wﬁodlscrart Road and the nouth of Prairie Creek during the summer of 1974

aes
ﬁponsistad 1arge1y of tree trunks with sawed ends, cable scars or otner

Practrcal]y all the large accumulations con-
’tained some 1ogs Thus cons1derable quantities of coarse logging debris

‘have;recently been 1ntroduced to the main channel of Redwood Creek. Given
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Organic debris, especially some finer particles,‘further influence
the environment by exerting a strong biochemical oxygen demand on the
water with‘which io comes in coneacp. 'This oxygen demand can, in turn,
lower the dissolved-oxygen concentration of‘water in pools and in the
interstices of the stream gravel (Hall and lantz, 1969; Ponce, 1974).
Similarly, deposition of excessive amounts of organic debris on and
around riparian vegetation can reduce the_amount of oxygen available
for root respiration (Zinke, 1966; Stone, 1966). Locally, organic debris
appears to be‘somewhat more abundant on recent]y inundated surfaces |
along Redwood Creek than in older oVerbank deposits exposed in stream
cufbanks. However, recent floods have deposited mostly alluvium that
{S.rather-; low in organic contemnt:

‘éifEnormous quantities of fine organic debris are produced in ondieturbed
old—groﬁfh forest; the degree to which timber harvest inf]uences the
amopnt of fine debris that is introduced to the streams is not known

HATERTEI\:?ERATURE - L L

jNater temperatures in inland parts of the Redwood Creek baSIH in
1ate surmer are close to or even exceed Tethal temperature thresho]ds
Pf,some resident aquatic organ1sms (Comm!ttee on water Qual1ty Crzter1a,

/¢ ); however, Tow water temperatures do not appear to p]ace restr1ctlons

Pn the aquat1c organ1sms that 1nhab1t thls basin. A cont1nuously record-

Ing thermograph was installed on Redwood Creek at Or1ck in 1968; sxmz]ar

ﬁhermographs were, 1nsta]1ed at gaging stations at the southern Park
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boundary and near Blue Lake in the summer of ]973.. These water—
temperature records are pdb]ished annually in Water Resources Data

for California - Part 2, Water Quality. Temperature data for tributary
streams and‘misce]1aneous sites consist of instantaneous observations
by field personnel and maximum-minimum thermometers left in place for
periods of four to seven days. Some of these auxiliary temperature
data are presented in Iwatsubo and others (1975). |

SEC The average monthly water temperatures for Redwood Creek at Orick
have an annual range of about 15°C; the lowestlrecordee temperatere |
was 1°C on December 14, 1967 and the highest recordeq temperature was
23°C.on September 18, 1970. We have»not- made -:3.a frequency analysis
6% the temperature data but inspection of the data suggests that water
temperatures are rarely lower than,SOC; re;idents at Orick report -
that prominent ice occers in tﬁe margins of the chaanel only several .
tiﬁes in a decade'ard that the creek has not frozen over complete]y in
;recent nemory. Summert]me water temperature range at Orlck is usually
Ebetween 11 and 20°C. The diel var1atlon of water temperature at Orick

Tis moderated by coastal fog and norma]ly is about 3° c. = .

Geograph1c d1fferences in waten—temperature regimen in-the Redwood

;Creek basin are more profound in summer than in water. Summer water

mperatures at 1nland parts of the Redwood Creek basin are generally

;Warmer~than 1n coasta] parts of the ba51n because of more direct

zfn latton and warmer air temperatures. Greater insolation results

iffom 1ess freauent summer fog and more destruction of riparian vegetation
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by recent floods and logging in those in]and'areas. Within the Redwood
Créék corridor of Redwood National Park, late sﬁmmer daf]y maximum water .
temperatures in Redwood Creek and Bridge Creek commonly exceed 21.5°C

and diel variation is often about 7°C. In contrast water tehperatures
An other tributaries in the Park rarely exceed 16°C. Diel variations

are usually not more than 1.5°C. Upstream reachés of Redwood Creek‘and
its tributaries -often have daily maximum temperatures in excess of 25°C.
évén fhough'mid-day water temperatures in the reach between Highway 299
ahd Lacks Creek are often 27°C to 28°C, which is reportedly higher than
the lethal temperature threshold for sticklebacks and juvenile salmonids
,(Commjttee on Water Quality Criteria, 1972), large active schools of these

ffshes are frequently obserQed there.
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CHEMICAL QUALITY

Major Dissolved Constituents

In terms of major dissolved mineral constituents and essential plant
nutrients, the water quality of Redwood Creek is apparently quite good and
suitable for most pur;oses. Nearly all of the detailed chemical-analyses,

hoﬁever, have been obtained at the gaging station at Orick (U. S. Geological

oo

S@;vey, 1959-1966; California Department of Water Resources, 1962-1973).

The water of Redwood Creek at Orick is a dilute, neutral to slightly

e
P
S

alkaline solution characterized by a predominance of calcium and

bicarbonate jons. These waters meet or exceed the water quality objectives

’

of che Ca11fornia Water Resources Control Board, - ;

’ o (1974) for specific conductance, . >
dissolved solids, essential plant nutrients, and pH. The total alkalinity

’ ) ore

and buffering capacity of this stream #» low. Additions of small amounts

; 6§;acid or basic solutions to the stream could, therefore, rapidly alter

The altered pH in turn could have undesirable effects on the

ia e as thg suspended-sediment load. This load is computed from (1) the

%ﬁ”i@ ¥
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10 100 1000 - 10,000
" WATER DISCHARGE IN CUBIC FEET PER SECOND

SPECIFIC CONDUGTANCE IN MICROMHOS PER CENTIMETER AT 25°C .

igure 49. Relations of specific conductance and water

oot wnlo i discharge for Redwood Creek at Orick. Solid
" lines are regression lines; dashed lines are
envelope curves on data‘porntsv‘-Heauy,ﬁgnes
show the 1970-1973 relatﬁon light line'¥ show
the 1959-1962 relation r4 is the coefficient
of determination for the regression line. '
n is the number of data points.
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solids and specific conductance for water years 1959 through 1973

(fig. 50), and (3) the flow-duration table for water years 1970 through
1973 (Table 3). This computed dissolved load probably places an upper
1imit on the actual load because the only three points representing
analysis of samples collected during water years 1970 through 1973 plot
on the low side of the tetedi dissolved solids-specific-conductance
relation (fig. 50).

Typically more than half of the totral.dissolved load of Redwood -
Ctéek is ‘composed of bicarbonate, sulfate, chloride, and nitrate
(number of samples 36, mean value 55%, standard deviation 4.9%Z). Given
the paucity of carbonate,  sulfate, and chloride minerals in
the>formations underlying the Redwood Creek basin, many of these anions
are probably derivéd either directly from the agmqsphefe or from

~atmoéphe;e-biosphere interactions, Tather.th;n - from chemiéai
veathering of bedrock (Janda, 1971). Additionally some .-
consgituents may be derived from cyclic ocean salts washed from the air.

}Thus, under existing watershed conditions, the average rate of lowering

;°£§he land surface by chemical processes is negligible relative to. the

?Eyt?nutrients in this basin remain to be evaluated.

N
x

ring;the initial.period of data collection"at Orick. The increase in’
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conductance is most noticeable for low discharges. This increase is
suggested by comparison of relations between stream discharge aﬁd

specific conductance for the last four years, water years 1970 through
1973, and the first four years, water years 1959 through 1962, of
chemical~quality records for Redwood Creek at Orick (fig. 49). " Two
possible explanations for the observed increase in conductance come
readily to mind--(1) increaéed contact with relatively fine-grained
alluvium and coliuvium deposited in valley bottoms during recent major
floods and (2) accelerated leaching of soils foliowing vegetation removal
and slash burning. Photographic records and observations of residents and
vorkmen in the basin demonstrated the importance of the first possibility. Tae
impoftance of the second possibility, however, remains to be evaluated.
Such aﬁ evaluation woul? be valuable considering the implications for the
‘long-term productivity of the forest soils of this $asin and the
cb;troversy that presently exists considering the impacts of forest
Pfgﬁtices;on"essential plant-nutrient budgets (Géssle and Cole, 1965;
PTedricksen, 1971; American Forest Institute, 1971; Pierce and others,

19?2' Curry, 1973; Bateridge, 1974).

Limited chemical data available from tributary streams and upstream
”achés of Redwood Creek indicate that specific-conductance values
assaciated with any given stream discharge are generally higher for

Redwood,C?;ok at south Park boundary than for Redwood Creek at Orick

;‘Ccological Survey, 1971-1973). However, with the exception of
>ride which is more abundant at Orick, the relative proportions of
V?fious chemival constituents arcabout the same at Orick and the South

‘e

Park Bwmdary. Data in Iwatsubo and others (1975) suggest that the
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in-cark tributaries are more dilute than the main stem of Redwood

Crezk.

01;5?1ved Oxvaen

The entire drainage net of Redwood Creek is characterized by steep
strezm channels with frequent riffles and, in the case of most tributaries,
casczdes and waterfalls, which generally keep the surface waters of
Redwood Creek wei] oxygenated. This is particularly true:during the
wintar storm season when dissolved-oxygen levels are generally at or
above saturation throughout the Redwood Creek basin (fig. 51). During
sumer low flow, however, high water temperatures-and biochemical oxygen
demand associated with decaying organic debris and periphyton locally
.qepress dissolved oxygen to levels that may be de]eferious to resident
aquatic organisms (fig. 52). Those values are lower than both the
California State Water Resources Control ‘Board (1974) water-quality
objectives and the recommendations of the Committee on Water Quality
(1972). Even relatively pristine streams such as Little Lost-Man Creek
and Hayes Creek have suhmer dissolved-oxygen levels that are less than

Saturation.

lDissolved-oxygeh values presented in figures 51 and 52 were collected

 §¥ 's With the assistance of S D. Veirs, Jr., of the National Park Service;

“illﬁdeterm1natlons were made at the collectlon site using prepackaged chemical
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reagents and the modified Winkler teﬁhnique. Other data have been
collected periodically at Orick by the California Depa;tment of Water
pesources (1963-1972) and at the southern Park boundary by the
Geological Survey (1971-1973), Dissolved-oxygen data for Park
tributaries during the 1973-1974 storm season are included in Iwatsubo
and others (1975).

Diel variations in concentration of dissolved oxygen at many sites
are large during summer. The greatest diel variation is observed on
clear’days in stream reaches with abundant periphyton. Di;solved-o¥ygen

. | . Jevels at many sites along Redwood Creek range from super-
sa&uxated to less than 60 percent saturated within a single day. Most

low values of dissolved oxygen, that is values less than 7 milligrams

per 1i;er, are asgociated with nighttime and pre-dawn observations. These -
low vaiues have been observed in pools throughout the Redwood Creek basin
-in late summer. Daytime values as low as 5.5 milligrams per liter are
found in intermittent reaches associated with log jams above Snow Camp
cfgek'and with the aggraded lower ends of parkland tributarieét In general
s;ﬁmer dissolved oxygen levels are higher in tributaries than in the
i;;\stream. Although even the lowest observed dissolved-oxygen
c9ncentrations are not in themselves lethal to the organisms that inhabit
Redwood Creek, any reduction in natural dissolved—oxygen levels is
dS{sterious to fish and sensitive benthic invertecbrates (Committee on

~%‘er>Qdﬁlity Criteria, 1972). Increased water temperatures lead to

.cd metabolic rates and increased oxygen demand; thus, the persistent

3
o -

°°mbination of high water temperature and low dicvolvvd-oxygon concentration -

is Pirticularly burdensome for many of the native aquatic organisms that

i;\" .

Redwoo ! Crecty The ralatively cool and well oxyponated water
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’introduced to Redwood Creeck by its major tributaries during summer,
therefore, may be important in sustaining some organisms in the main
creek.

In winter dissolved oxygen—concentrations and levels of saturation
throughout the Redwood Creek basin are higher than in summer (fig. S51).
Autumn-leaf fall from riparian alders and maples does not seriously
influence dissolvéd—oxygen concentration of surface waters; the
November and December ogservaticns in figﬁre 51 were collected when

ost of the leaves had fallen and had started to decay, but prior to

any flushing action by early winter storms.
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AdUATIC ORGANISHS

The diverse aquatic ecasystem characteristic of Park reaches of
Redwood Creek and its tributaries is a valuable and interesting resource
that is frequently overlooked because of the magnificence of the adjoining
forest. The types and numbers of aquatic organisms that inhabit this
basin apgear closely controlled by the stream's sedimentation regimen and
the amount of light reaching the stream surface.

‘ Atteched diatoms and filamentous a]gae~(periphyton), commonly con-
sidered the basic trophic level of the aquatic ecasystem, are not abundant
at most sites in the Redwood Creék basin. Rooted aquatic plants are
staﬁcely represented. During the storm-runoff season few stable substrates
eiist, and even those are subjected to severe abrasion by stream-sediment
Joads. Dense, tall riparian vegetation coupled with frequent fog and
cloudiness restrict thé amount of light_reaching the water surface in many
nérrbw stream reaches especially in the northern paft of the basin. The
Spec1es composition and biomass of the aquatic plants:in these -streams
have not been determined. Along unlogged tributaries, periphyton are

gtOmm0n1y concentrated at sites where the canopy vegetation'has been disturbed
iubY recent wind damage or landslides. More pronounced accumulations of algae
éire conronly observed dur1ng Tow dxscharge perlods in some slack water pools
i‘né 1nact1ve anabranchs along wide aggraded reaches of the main channel,

{‘ﬂd Im&shal]ow streams flowing through recently cutover Iand Part1cu1ar]}

K‘USh growth of f1lamentous algae appears to be associated with abundant

ymg organic debris. The sparcnty of aquat-k—plants..thmugh%much
°f the tasin suggests that terrestrial plant detritus must be an iwportant-
beJ seurce for tho cquitic inseocts that iphabit these streams. Elsewhere

in ¢n . . . :
N the & vin, loa-water concen.rations ol periphyton are sufficiens tc
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cause marked diel fluctuations in the concentration of dissolved oxygen.
Some pools and shallow riffles that support lush algal growth go dry
in years of exceptionally flow, such as 1973, and leave behind unsightly,
foul-smelling mats of decaying algae.

The aquatic insects end other benthic invertebrates that inhabit
the streams of the Redwood Creek basin are an important source of food
_for amphibians and fish. Direct visual observations and forty-two
Surber sampler collections (each composed of three one-square-foot samples)
from Redwood Creek and its major tributaries downstream from Devils Creek
were made during the summer and winter of 1972 (Tables 12 and 13). After
taking each sample, the entire contents of the collection bag (including
bed material and organic debris) were placed in wide-mouth glass jars,
covered with isopropyl alcohol, and mailed to J. Brocksen for separation,
identification and counting. Similar collections were made in the summer
of 1973, but only two sample jars were not broken in transit (Table 14).
1&?? comprehensive collections and analyses of ‘benthic invertebrates
iiﬁ%hg fn the Redwood Creek basin during the autumn of 1973 are presented

in Tvatsubo and others (1975, Table 13).
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Insects, such as may flies (Ephemeroptera) and caddis flies

(Triroptera) that are particularly sensitive to temperature, dissolved
oxygen, and pH have been found in all streams sampled in the Redwood

Creek basin, although often in only limited numbers. The 1972 data

suggest- that following the major floods of January and March of 1972,

the benthic invertebrate fauna of the tributaries was larger and more

diverse than that of the main stream (Table 12). Winter benthic invertebrate
faunas in tributaries were much more limited than those of summer (Table 13).
The 1973 data (Table 14; Iwatsubo and others, 1975, Table 13), in contrast,
indicate that following the moderate and low flows that prevailed throughout
the 1973 water year (Table 3), the number of organisms per sample were
generally higher and more diverse than in 1972, and that profound difference
%n theﬁgample densities no longer existed between thé main channel and its
tributaries.

Available data suggest that the grain size and relative stability of
the stream bed, sunlight (insolation), and perhaps water temperature are
mjor factors controlling the abundance of benthic organisms in the Redwood
Creek basin. Organisms are most abundant and diverse in open reaches of
EEOT streams, like Little Lost Man Creek, with stable cobble riffles, and
fiti]e mud in eiﬁher the pools or gravel interstices. Organisms appear
‘;é;ffabundant and diverse in those streams, like Miller Creek, that display
Z%;éah~ﬁeds with abundant silt, sand, and fine gravel that are set in motion

@éﬁng’mahy winter storms. The nearly complete absence of benthic inverte-

| 5té§ in lower Miller Creek in the sunmer of 1972 is perplexing because it
&;‘nds in such marked contrast to nearby streams, such as Hayes, Cloque..

3ﬂd Wier Creeks, that displayed at the time of sampling sfmllar water
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tewparatures, concentrations of dissolved oxygen, and indications of
strczam-bed instability. However, at that time, bars of poorly sorted fine
gravel with a muddy matrix, mud layers in pools, ard raw eroding stream
ban¥s were somewhat more apparent in park reaches of Miller Creek than

in siilar rgaches of neighboring streams. The abundance of these
phenomena suggests that the bed of Miller Creek was altered more by the
January end March 1972 storms than those of its neighbors. Although the
incraased alteration was apparently not great, it may have been sufficient
to*cause the stream to cross a biologically critical threshold.

In order to check on potential chemical toxicity as an explénation
for the paucity of benthic organisms in Miller Creek in 1972;Atwo sediment
samples were collected in the fall of 1972. These samples contained no
detectéb]e toxic chemicals other than trace amounts of diazinon (Leon S.
Hughes, written commun., 1972). Diazinon is not a chemical that ié
normally used in forest management; thus, the trace amounts may represent
;}amp1e contamlnatxon However, during the five and a half months-séparat-
Rng the time of sampling from the most likely time of introduction, during

:thg winter and spring storms, the toxic substance(s) could have been

el

flushed from the system or chemically altered.

: The benthic invertebrate fauna in the Miller Creek samples during
ltthﬁgmmer of 1973 1ncreased markedly relative to the summer of 1972
ie 14 Iwvatsubo and others,. ]975 Table 13), but remained somewhat
§, than 1n samples from neighboring streams.
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Comparisons between the benthic faunas in recently Toaged and
unlcsted tributaries in the Redwood Creek basinl/ and similar data from
the Cesper Creek study near Fort Bragg, California (Hess, 1969) suggest
that following logging the number of different types of benthic inver-
tebrateS in a drainage basin is commonly reduced more than the total
ebur“ance (biomass) of organisms. In some cases, the total biomass of
béntnic invertebrates increases or remains constant fol]owiﬁg logging.
Nonetheless, any change in the composition of the benthic inveterbrate
fauna can have a serious impact upon higher organisms by forcing chénges
in their feeding habits ( Hynes, 1970, p. 209-210, 444-445). For example,
-burrowing insects, such as midge larvae (Diptera) that live in sand or
mud streambeds are not as available to fish as may flies, caddis fliés,
and stone flies that live in gravel streambeds (Phillips, 1971).

; An interesting and diverse amphibian fauna occupies a trophic level

intermediate between benthic invertebratés and fish in the Redwood Creek

pasia. To the best of our knowledge, however, a systematic survey of
i §his basin's amphibia has not been made. Some of the more coﬁ;only

“observed salamanders and frogs along these streams and in adjacent moist

jparian sites display striking color patterns; others display coloration
'ﬁqt blends in well with their surrcundings. Professor Rudolf Becking of

§be,€alifornia State University at Humboldt reports (oral comm., April 1973)

/ Thz amount of recent timber harvest in all of the sampled drainage
basins is indicated in Iwatsubo and others (1975, Tables 2 and 3)._,
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that he and his associates observed ten species of Amphibia on a single
day field trip along the lower reaches of Harry Wier Creek. The wide

ranging but uncommon tailed frog (Ascaphus truei) is of particular

interest to naturalists because of questions raised by its trans-
Pacific distribution in relation to dispersal patterns. Professor

Becking and his associates believe that Amphibia tadpoles, especially

those of Ascaphus truei, may be intolerant of increases in turbidity
é;'Streambed instability. Other work (Burry, 1968), howéver, suggests
nthat Ascaphus population are controlled largely by water température and
that in maritime areas of coastal Humboldt Couﬁty,'AscaEhus is reasonably
tolerant of timber harvest. Moreover, we have observed abundant tadpoles
of unknown species in what would appear to be particularly undesirable
habitat -niches: with extreme.diel_flﬁctuations in temperature and
dissolved-oxygenvconcentrations. Tadpoles are often the only animals
_observed in algae-choked. pools along severely aggraded, debris-clogged
Yégtgams in recent clearcut_timber—hafvest units. The Amphiﬁianfauna will
1;p;érent1y have to be inventoried, and the environmental tolerances of

el gy .

;ﬁhg individual species ascertained, before the potential impact of

Zyariogs land-use changes on these organisms can be effectively evaluated.

4 limlted number of fish species inhabit Redwood Creek

;and other coastal streams of the redwood regzon (DeWitt, 1964). The fish

rst commonly observed along the main channel of Redwood Creek during
=

he summer of 1973 wer; small schools of sticklebacks (Gasterosteus S?-)
coF o .

jbz¥4*7#blLaﬁh¢ MOSC/RedWOOd Creek's fish species however, are
' Al

Suw\
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anadromous with steelhead trout (Salmo gairdneri), chinook (or king)

salmon (Oncorhyncus tshawytscha), and coho (or silver) salmon

(Oncorhyngus kisutch) being the economically valuable species.

Coho salmon tend to spawn in streams witﬁ finer gravel than those
in which chinook salmon spawn. Redwood Creek and i:s tributaries.
transport mostly | fine gravel because < intensely and
pervasively'fractured bedrock occurs throughout the basin; thus, the
grain-size distribution of the stream gravel makes many of the potential
spawning areas in the Redwood Creek basin more desirable for silver
salmon thaﬁ for chinook salmon. The California Department 6f Fish and
Game (1965) estimated thac in 1965 within the Redwood Creek Sasin there
vere 112 miles of potential spawning habitat suitable for steelhead
;rout,.llo miles Suitab}e for silver salmon, and only 69 miles suitable
“for chinoék salmon.

.The Combination of 1972 floods and recent intensive timber harvest had
by 1973 reduced the amounfbf potential spawning and rearing habitat for
anadromous fish along Redwood Creek relative to what it was in 1965.
This reduction in habitat resulted from (1) aggradation, with
attendant filling of pools and decreased grain-size of bed material

o

(' e section on recent changes in channel geometry), (2) increased

K*)' hd ot

frequency and intensity of bedload transport, and (3) increased

Ager A
5deposicion of fine sediment (very fine sand, silt, clay) and organic
‘_ris within and on stream gravels during che waning stages of

; * of

freshets. The impact/ stream sedimentation on .spawning gravels is

discussed by Hall and Lantz (1969) and Phillips (1971).

221



Excessive amounts of fine sediment have an indurating effect on the
gravel that seriously impedes construction of redds by spawning fish and
the cmergence of fry. Additionally, the fine sediment reduces the perme-
ability of the gravel and impedes the exchange of intragravel water with
well-oxyyenated surface water. The organic debris deposited along with
tne Tine sediment causes a high biochemical oxygen demand when it decays.
The ccmbination of increaséd oxygen demand and decreased exchange of wate
can lead to low concentrations of dissolved oxygen in the intragravel’
water and consequent mortality of eggs and fry.

Semiquantitative estimates of spawning escapement (U.S. Ffsh and
Wildlife Service, 1960) and general observations by the California Depart-
ment of Fish and Game and local residents indicate that in the Redwood
Creek basin the steelhead trout population is considerably larger than
the combined salmon population, and that chinook salmon afe much more
abundant than silver salmon. Thus, the relative abundances of the two
\¢jfferent salmon species is preéent1y contrary to what one would anticipate
fg}ven the fine-grained character of the available spawning gravel. Perhaps
the abundance of different fish partly reflects different times of
.Sgawning relative to likely times of gravggtransporting floods. Chinook
Salmon usually start to spawn in northern California streams earlier in
l%g?.féll*than coho salmon (Holmberg, 1972; Calif. Dept. Water Resources,.

*f?BS). After spawning, salmon eggs require 50 to 60 days to hatch depend-

70g upon water temperature; another 20 to 30 days are required for the

evins to wriggle up through the gravel and become free-swimming fry



(Holmberg, 1972, p. 2). Thus, for a period of 70 to 90 days, while

the young salmon are in the stream gravel, vigorous bed-load transport,
such as occurs along Redwood Creek during most major winter storms, can
kill large numbers of young fish. Because of the extreme shifting of
streambed material, the chance for successful spawning and emergence is
better for early fall-spawning chinook, and late winter and early spring-
spawning steelhead than for late-spawning chinook and coho. Given the
paucity of suitable low-water rearing pools in Redwood Creek, the larger
estiniated spawning escapement of chinook salmon than of coho salmon for
Redwood Creek may also relate, in part, to the facf that coho remain in
fresh water for a year or more, whereas young chinook migrate to the ocean
in their first few months of life (Holmberg, 1972, p. 2).

Observations by the California Department of Fish and Game and local
residents suggest that Redwood Creek historically supported a significantly
1ar§er run of anadromous fish than at present (Calif. Dept. Fish and Game,
1965), and that coho formerly made up a larger proportion of the salmon. A

. Stream survey by E. A. Caldwell and A. E. Burghduff in the 1939‘511 indicated

 ihat~at*that time Redwood Creek "gets a very heavy run of steelhead and
{?ilver salmon.” In considering potential implications of thése observations,

:ﬁﬁe should recall that they were made following a long period of modest

1§nnual rainfall and few floods.

*f Th1s report was given to the Geological Survey by Don Lolloch, Chief
Branch of Environmental Services, Calif. Dept. Fish and Game on
gust 7, 1975. The precise date of Caldwell and Burghduff's survey is

:ﬂpt known.



Other anadromous fish in the Redwood Creek basin -include sea-run

cutthroat trout (Salmo clarki clarxi), candlefish or migratory

eulachon (Thaleichthys pacificus), and Pacific lamprey (Entosphenus

tridentatus) (De Witt, 1964). The sea-run cutthroat trout is a small
but popular game fish. Thé candlefish is a popular food fish of the
smelt family that is caught by seining. The size and ;ime of occurrence
of céndlefish runs are less predictable than the runs of salmon and
steelhead. In mid to late April 1973, "miilions" of candlefish were
observed by the California Department of Fish and Gamel/ in the down-
stream-most 15 miles of Redwood Creek; no candlefish were séen in
the tributaries. Another large run of candlefish in Redwooa Creek
occurred in 1967. Limited numbers of lampreyS - are observed
) Lampreys

spawning in lower Redwood Creek in the spring. - /« ' were a popular
food of the indiams, bu; are presently not much valued as a food fish.

Many miles of the headwaters of Redwood Creek and some of its
major tributaries, although not accessible to anadromous fish because
of obstructions éormed by naturally occurring landslides and windfalls,

the

are suitable habitat for /spawning and_rearing of limited numbers of
. I .

resident fish. Small resident cutthroat trout (Salmo clarki clarki)

and rainbow trout (Salmo gairdneri) live in pools-above these

obstructions. Cutthroat trout are more abundant than rainbow trout.

1/ Field note by Dave Rogers given to the Geological Survey b}
Don lLolloch, Chief- of Branch of Environmental Services, Calif. Dept.

of Fish and Came on August 7, 1975.
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The total population of resident cutthroat trout along any individual
stream is so limited that it could be completely eliminated by
overfishing or By logging~induced accelerated sedimentation. Oéher
resident fish species are found along the lower reaches of Redwood

Creek and include the Humboldt sucker (Catastomus humboldtianus),

sculpins (Cottus, sp.), and stickleback (Gasterosteus sp.) (De Witt, 1964).

225



[

RECENT CHANGES IN HILLSLOQE EROSION
Landforms prodﬁced by various t&pes of hillslope erosion processes
in the Redwood Creek basin became more numerous and more active between
1936 and 1973. A few earthflows ;nd ;lides were more active
in 1947 than in i973. The overall increase in activity can be well
documented by sequences of available vertical -aerial photographskl. .The

-

distribution of mass movement phenomena in the Redwood Creek basin in

1947 and 1972 is shown on 1:62,500 maps prepared by Colman (1973). The

most visually obvious change in erosional activity is the increased

l/ The following sets of black and white aerial photographs were

examined as part of this étudy:

Date Scale Coverage : . Ownership
1936 1:30,000 north 2/3 basin T. Hatzimanolis, National Park
. - Service, Crescent City, CA.
1947 1:45,000 south 3/4 basin U. S. Geological Survey,
' Menlo Park, CA. -
1958 1:10,000 entire basin Humboldt County, Timber
Assessor's Office
1962 1:10,000 entire basin ' "
1966 1:10,000 entire basin "
1968 north 1/2 basin ~ National Park Service,
: ) . Crescent -City, CA.
1970-71 1:10,000 entire basin Humboldt County, Timber
) S Assessor's Office
1972 1:36,000 entire basin National Park Service,
: ' Crescent City, CA.
1973 1:10,000 . entire basin up to U. S. Geological Survey,
and including the Menlo Park, CA.’ /
drainage basin of “ RE——
Lacks Creek .
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aumber of streamside rock and debris slides along the main channel of
Redwood Creek and i;s major tributaries. Thirty slides adjacent to the
main channel show on 1947 photographs, whereas 34l such slides appear on
1973 photographs. A lérge increase in degris avalanches also occurred
befween 1947 and.1973. Only ninedebris avalanches with lengths of at
ieast 200 feet (61_meters).show on 1936 and 1947 photographs, whereas
;gl_such features ;ppear on 1973 photographgr. A great manf smaller
debris avalanches are also present. New debris avalanches are mostly
associated with roads. A few of the large compound earthflows show
recent gullies and increased ground disruption. For the most part,
however,‘the earthflows appear to have maintained a more or less constant
a;erage rate of movement: 4The recent gullies in the-earthflows are
mosgly aséociated with ranch and logging roads. The recent large-scale
timber harvest in the Redwood Creek'basin appears ih general to have
directly impacted far more upon.fluvial erosion than upon mass movement.
As discussed previously, however, timber harvest may indirectly impact
upon hillslope stability; streambank erosion caused by increased storm
runoff or aggradation can trigger streamside slides. .

.The combination of four major flood events and the initiation of
Intensive timber harvest and road éonstruction during this in;etval has
7uﬁ€66€éé&1y‘bgen responsible for accelerated erosicn. The relative
Importance of these two factors is difficult to assess quantitatively

R

’Uﬁing to their contemporaneous occurrence and complex interaction with

STl . .
‘'tach other and with geomorphic processes. However, timber harvest has..,

tlearly increased the erosional impact of the floods over what it would

dave been 1f the basin had not been logged.
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The number of new streamside slides along Redwood Creek discernible
on aerial photography for years of available coverage is shown in

Table 15. Slides are separated into those occurring in areas which

- showed previous instability and those which were stable in 1947. This

separation was made because in this type of terrain slides tend to
occur repeatedly at the same locality. Areas were also categorized as

logged or unlogged at the site of failure in order to see to what degree
\ : .

" timber harvest and associated road construction have altered hillslope

K P TS ST AN HNETIRA T MO AN L S G R G e S e T T

stability.

A m;jor problem with the comparison of sliding history in logged
and unléggéd areas 1is that the likelihéod of a new slide occurring in an
un‘ed area decreases through time with the‘progressive increase in
cutover area. In order to reduce this inherent bias, the nﬁmber of new
slides in each category was weighte@ by the n&mber of streambank miles
includg@ in that grouping for each interval (Table 16). The number of
slides per mile was then computed on a per-year basis to compensate for
the difference in length of time between photo coverage. However, this
procedure may be somewhat misleading aé slide occurrence waé probably
somewhat clustered about the major flood events of 1953, 1955, 1964, and

. .
1972. v
Another majorAdtawback in these comparisons 1is that Qo allowance
is made for the impact of logging upslope from sites. Thus, although
a new slide is.shown to occur in an unlogged area, it may actually have

be'riggered by increased runoff, pore pressure, or seepage force

caused by uphiil.logging operations (Hicks and Collins, 1970).
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Table 15. Initiation of streamside slides along the channel
of Redwood Creek. The plus figures with the
brackets indicate slides that occurred between )
1958 and 1966; resolution on the 1962 photographs-
was not sufficiert to decide whether or not the
slides were present at that time.
Number of 1/ Number of -];/
slides in slides 1in
previously previously
Year stable areas unstable areas Total
Number of 47 0 o (1]
slides in _ 58 13 . .10 . 23
logged areas _
. 62 14 i +4 8 i +6 22 3 +10
. 66 35 ) 8 43 ) )
70 18 4 - 22
o 72 8 3 11
73 8 o .5 T 13.
Number of 47 0 ’ 27 27
slides in 58 36 ' 42 | . 78
unlogged
areas 62 25 ; +1 17 ; +2 42 i 3
66 21 . 14 35
70 5 . . 2 ] 7
72 . 4
73 0 0 )
Total 47 0 27 ; 27
. 58 49 52 101
- 62 - 39 } +5 25 ; +8 64 i +13
" 66 56 22 - 78
70 23 6 29
72 12 4 ’ 16
73 8 ’ -5 13
192 149 ] 341
1/ As defined by 1947 conditions.
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1947
1958
1962
1966
1970
1972
1973

1947
1958
0
1966
1970
1972
‘1973

1947
1958
1962
1966
1970

1972 -

1973

16. Initiation of streamside slides per mile of sampled
streambanks in logged and unlogged areas adjacent
to Redwood Creek. '

Slides/channel mile
in logged areas

Slides/mile/year
in logged areas

.00 ' -
1.07 ' .10
.89 .22
.81 .20
.34 .09
.15 .08
.18 .18
Slides/channel mile Slides/mile/year

in unlogged areas in unlogged areas

.26 - -
.97 .09
1.01 .25 ’
.86 .22
.19 .05
.17 .09
.00 .00

Total slides/channel mile Total slides/mile/year

27 . -
.99 ' .09
.63 .16
.77 .19
.29 .07.
.16 .08
- .13 13’
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Unfortunately, Tables 15 and 16 1ist only slides where movement was
initiated in a given interval. Many éxisting slides may have increased
in size or activity during a particular interval. We adopted this
procedure because not all photographs were avaflable for simultaneous
comparisons at the time when we had access to the 1962 photographs. Thust
another bias may have been generated, in that the number of channel miles
without existing éctive slides is continually decreasing."For example,
by 1972 most of the streamside areas that were prone to sliding (outsides
of streambeds, old slides, and so forth) had already experienced recent
slope failures. As a result the floods of 1972 triggered not more than
16 new slides along Redwood Creek, but caused nearly 100 existing slides
to .‘ease in size or activity (Colman, 1973, fig. 25, p. 110).

The greatest number of new s]ides-per mile of streambank occurred
during the 1947-]958 interval (Table 16).. This may reflect either the
occurrence of the 1953 and 1955 flood events or the long period between
photo coverage. It would be reasonable to expect the first of_the series
of major floods since the late 19th century to do the greatest amount
of damage to riparian hii]s]opes and to remove large quantities of
colluvium that had accumulated during the interval.

Although the shortcomings associated with the numbers in Tables 15

-and-16-do not permit quantitative assessment of the erosional impact of
f}oods and iogging on stream.sediment loads, those numbers do suggest
h;hat it may be unwise to try to isolate either one of these factors as
thegdbminant cause of streamside sliding. For example, they indicate
that almost as much s¥kiding dccufred during the 1958-1962 ¥ﬁterval, -

when no major flood events occurred as during the 1962-1966 period which

facTuded the 1964 flood. Furthermore, on a per-mile basis slightly more
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sliding was initiated in unlogged areas than in logged areas during the
1958-1962, 1962-1966, and 1970-1972 intervals. From 1972 to 1973 all
new slides occurred in logged areas. This may indicate that the impact
of the 1972 fjood was felt most in these areas, but the sample size is
probabl& too small for definite>conc1usions.

The total volume of material contributed directly)to Redwood Creek
by streamsideAslides in récent years was estimated by Colman (1973,
Appendix I) to be about 1,396,400 cubic yards (1,067,700Acubic-metres).-“
Assuming that the slide debris has an average bulk density of about 92
pounds per cubic foot (1474 kilograms per cubic metre), the total mass of
this slide debris would be about 1,734,400 tons (1,573,400 tonnes).
Most of this material was eroded between 1964 and 1973. The total
quar‘liy of sediment provided by these visually obvious features over a
nine-year period is, thus, not more than 80 percent of the average annual
quantity of éuspended sediment to move past the gage at Orjck during
1971-1973.. Therefore, although the streamside slides along ﬁégwood
Creek do contribute substantial quantities of sediment directly to the
channel and alter local channel geometry, they should not be considered
a dominant sediment source. Interpretation of aerial photographs led
the U.S. Department'of Agriculture (1970) to suggest that between 1941
ufﬂg,lggi .911 slides (not Jjust streamside sliﬂes) in the Redwood Creek
basin accohnted-for not more than 27 percent of the total stream-sediment load.
-~ The approximately 1100 miles (1770 kilometres) of roads and 3000
miles (4825 ki]ometres) of skid trails that exist in the Redwood Creek
basig have seriously impacted upon hillslope erosion. Except for 12 miles
of recently relocated State Highway 299, most of the roads that have
aggravated erosfon were constructed since 1947 primarily to provide access to

ranches and timber-harvest units.zjgp least 37 streamside slides along



Redwood Creek were caused in p&rt ﬂy road ;onstruction. Numerous small
failures occur along most roads, and although these slides and gullies
nay be individually insignificant, the sum of their impact is substantial.

Road construction is associatéd with numerous small slumps and
slides in cutbanks and road fill. Most road-related debris avalanches
are triggered by thesé types of failures. Two'additional forms of
hillslope erosion are triggered sy road const;uction~~§eep'gullying'and
sliding of water-saturated colluvium. Deep gullies commonly form whén runaoff is
concentrated into small drainages whose capacity is exceeded during

P .

storuws (fig. 7); Road-concentrated drainage also may increase the—éeriod of
duration of oversaturated soil conditions to cause failure of.already
unst‘e slopes by sliding or slumping.

The headwater reaches of Redwood Creek ghow a series of
streamside slides whose head scarps are aligned along old logging roads.>
Indeed, in some cases the impact of these roads may'be as important as
removal of toe support by the stream. Another exémple of roag—related
streamside sliding and gullying is found along the Redwood Creek trail
above the Tall Trees Flat; the old M-line logging road has failed in
several places to produce a line of slides and deep gullieé.

A more detailed discussion of recent changes in mass movement

activity is contained in Colman (1973).
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’ENT CHANGES IN CHANNEL CHARACTERISTICS ALONG REDWOOD CREEK

In response to the recent major floods and.intensification of
tinmber harvest, described in previous sections, the channel character-
istics and sedimentation processes of Redwood Creek have changed
drastically in recent decades. The major changes appear to be (1) channel
agyradation and gravel-berm deposition associated with major floods, (2)
incrzused numbers of braided reaches, (3) increased channe]'width, and
(4) decreased average size of streambed material. Many of these changes
can be seen in the mounted stereo pairs of aerial photographs in figures 11,
13, 15, 16, 18, and 19. Attendant to these changes in visual characteristics
is an increased frequency and intensity of bedload transport. During this
same time interval, comparable channel-geometry changes have occurred on
theghliddle Fork Eel River (Knott, 1971; J. C. Fraser, written communication,
1975), Trinity River (Knott, 1974), and Van Duzen River (Harvey Kelsey,
written communication, 1975).

Time-sequential aerial photography, stream-gaging records, stream-
bank stratigraphy, historic land surveys, and interviews with long-term
residents have been utilized in an effort to document these changes. Monu-
mented stream-channel cross sections established in 1972 and 1973 (Iwatsubo
and others, 1975) have been used for references and to interpret short-term
history.

"T936 AT 1947 CHANNEL
In 1947, Redwood Creek, above State Highway 299, was characterized

- &

by a narrow sinuous channel (fig. 11). A closed vegetation canopy existed
P 1 .
aloiy much of this reach. The canopy was broken only locally by a stregm-

si,s'lidc- or wida alluviated reach.
23



Q1 1947 and 133€ Fodiocd Creek between Highway 299 and Lacks

Crcek was predominantlv a sinuous stream moderately incised into a wide
alluvial 7lood plain (fig. 13). Many areas of this flood plain contained
abundant vegetation with many 10- to 20-feet (30 to 61 meters) tall
conifers.l/ Conifer growth was not restrictéd to the edges of alluviated
areas but also lined the narrower active channel. Below Lacks Creek
the channel and flood plain became narrower. (fig. 15); braided channels
vere virtually absent from Lacks Creek to Cooper Creek. |

In general, the flood-plain morphology exhibited in 1936 and 1947
above Cooper Creek resulted from moderate-channel incision into a wider
upper flood plain, the morphology of which may reflect geomorphic processes
operating during major flood events in the late nineteenth century. The
pev‘ of 1891 to 1953 was a time of moderate peak flows in the Redwood
Creek basin and environs. |

Below Copper Creek the channel and flood plain of Redwood Creek
became wider (fig. 16), then abruptly narrowed in the "gorge" area (fig. 7),
and finally broadened into the wide alluvial reach above Bridge Cree. From
Bridge Creek to the mouth of Redwpod Creek, the 1936 channel displayed
a predominantly braided channel on an inner flood plain generally devoid

of vegation (figs. 18 and 19). Some patches of alders and shrub

y .
The heights_of theseé conifers were estimated during stereoscopic

examination of aerial photographs by comparison with the height of an

adjacent building still standing in the Minor Creek area.



vegetgiion were present on midchannel bars near the Tall Trees Flat
and on &bandoned parts of the lower 4 miles of channel where the
width is great and braiding is predominant. Land surveys by Harry Yeir
ard N<car Larson in 1346, 1247, and 1951 show a 90-foot lateral migration
of th« mcin chliannel indicating inherent channel instability during this
five-yzar pariod (fig. 19), even though no major floods occurred.
CHAMNEL CHANGES

Recoliections of residents and workmen, sequences of aerial
photogranhs, and stream-gaging records suggest that beginning in the
mid-1%.u's the active-gravel inner flood plain of Redwood Creek started
to aggrade, to erode its banks actively, and to shift across wider
areas of its former flood plain. This change in channel characteristics
is rr’fested in increased channel width, increases in mean stream-bed
and thalweg elevations, deposition of large gravel berms, and a large
increase in streamside land sliding.

CHANGES IN STREAMBED ELEVATION

Stereoscopic examination of 1936, 1947, 19A8, and 1974 aerial
photographs, gaging;station records, and stratigraphic evidence indicates
that, except for areas near Orick and betwecen Lacks Creek and the mouth
of the gorge above Bridge Creek (reaches 4, 3 and 2), the channel of
Redwocd Creek has aggraded considerably since ]9}6. ’Major periods of
aggradatipn were associated with the flood events of ]964 and 1972. Some
seasonal aggradation occurs during moderate high flows and is followed by

channel scour during the spring and summer months in a normal water year.
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9-3 scale and quality of the 1936 and 1947 aerial photographs limit
riicto interpretation of channel degradation or aggradation to empirical
gualitztive cbservations. Comparison.of these photos with those of the
1973 channel suggests a severe reduction of bank heights in some upstream
reachss. Stereoscopic examination of fiqure 13 provides some indication
.07 decréased bank height and lessened channel incision.

In places between Snow Camp Creek and Minor Creek recent gravel
deposition has completely filled the former stream channel and spilted
out onto extensive areas of the former upper flood plain, thereby killing
many flood-plain tfees (principally Douglas-fir). Flood-plain stumps
in this area with diameters comparable to those of the standing dead trees
mostly display 200 to 300 annual rings. The gravel supported many aldér,
madx’, incense cedar, and Douglas-fir seedlings that during the summer
of 1974 were more than two but less than 10 years old. These seedlings
suggest that the gravel was deposited duriﬁg the 1964 flood. Redwood
Creek has locally incised an entirely new channel through these gravel
deposits. As a result, isolated groups of standing dead trees ;re often
surrounded by the abandoned gravel-filled former channel, and the new
active channel. In general, Redwood Creek appears still to be flowing
at a higher level than prior to the 1964 period. Some gravel deposition
appears to have accompanied the 1972 floods in these headwater reaches
6Ew§é5ﬁ;;d Cieek but such deposition’here was not nearly as voluminous
asﬁduring the 1964 period. |

Tﬁese empirical, photo-interpretive observations are supported in

semisantftative fashion by the history of the gaging station on Redwodd
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Crce.‘ar Blue Lake and by observations by residents and workmen. As

a by-product of.normal stream-flow measﬁrcments, channel cross sections

¢re produced in reference to the gage datum. '4ean streambed elevations and
thalweg elevations for all measurements made within 20 feet of the Blue
Lake gage cable section are shown in‘figure 53 and selected stream-channel
cross sections are illustrated in figure 54. The short-terms perturbations
in channel elevation resulting from normal variations {n stream flow as
well as long-term, net changes can be seen in both figures 53 and 54.

Both mean streambed and thalweg elevations increased appreciably
through the period of record at the station near Blue Lake.l/ The streambed
e]evation.at the start of the record may have been recently elevated by
aggradafion associated with the 1953 fiood; in the nearby Van Duzen River
basi‘parate episodes of aggradation accompanied the 1953, 1955, and 1964
floods (Harvey Kelsey, written communication, 1975). The mean bed elevation
for Redwood Creek near Blue Lake has risen approximately 3 feet and the
thalweg of the November 13, 1973 cross section is over 4 feet above.that
of January 15, 1958. The major floods of December 1964 and January and
Mafch 1972 occurred during the non-operational period of the station;
local residents and U.S. Geological Survey enginéers indicafe that most of
the aggradation was associated with these floods.

Conversatiorf with residents and county rdad crews in the 0'Kane and
Redwood Valley areas further suggest that the amount of aggradation
docurmented by the discoﬁtinuou5'stream—gaging record for Redwood Creek

n-¢v 8lue Lake probably does not represent the full amount of aggradation

\/ T.st.rcam gage record was re-established in 1973 utilizing the same

fatua as during the 1954 to 1958 period of record.
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“stations showed recent fill, (2) 10 of those stations experienced three

caused by fhe 1964 flood. By the time the gage recofd was re-established
many of the large bedrock blocks that were buried by the 1964 flood
do;osits had started to reappear. Prior to the 1972 floods the channel
threushout the sixteen mile (26 kilometer)-long reach 5 (figs. 10 and 13)
betv.aen Highway 299 and Lacks Creek had incised itself into the 1964
fleod denosits to a Tevel somewhat lower than the 1973 level. The 1972
floods then caused another episode of aggradation, but the channel did
not fill up to its 1964 level.

The stream bed elevation of Redwood Creek at twovsites in this area
is known to have aggraded at least 15 feet (4.6 metres) during the 1964

flood. One site is at a natural swimming hole on the ranch of Oren B.

. Frankie about half way between Minor Creek and 0'Kane; this hole had a

rock with a diving board attached 15 feet (4.6 metres) above the low

‘water surface. The hole and rock are now completely buried. The other

site is at the bridge on the Redwood Valley road where several residents
report that following the 1964 flood, gravel had been deposited up to
the level of the beams supporing the bridge deck. In 1973, the-channel
was 15 to 18 feet (4.6 to 6.1 metres) below the road deck but still

at a higher level than prior to 1964. |

. Changes in streambed elevation, comparable to those in the upper

‘Redwood Creek Basin, recently occurrcd elsewhere in northwestern

California. Kickey (1969) in reviewing the history of low-water streambed

elevations at 51 stream-gaging stations in this area found that (1) 41

or more feet of fill, and (3) most of the fill was deposited by the flood

of December 1964, Pronounced aggradation has occurred in the relatively

)
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reictine upper Van Duzen River basin (Harvey Kelsey, written communi-
:atisn, 1975) and the upper Middle Fork Eel River basin in and immediatcly
sovinstream from the Yolla Bolly Wilderness Area (J.C. Fraser, written
conlnication, 1975).

Zxtensive unvegetated gravel inner flood plains, such as those
t: et characterize the channel between Snow Camp Creek and Lacks Creek,
were not present in 1973 between Lacks Creek and the mouth of the gorge
downstream from the southern park boundary in reaches 4, 3 and 2 (figures
14, 15 and 16). Here, large angular bedrock blocks commcnly protrude
throuth alluvium in the active channel. Prominent flood-related gravel
berms, however, are locally present along some unusually wide reaches
and on some stream bends such as below Copper Creek and near the southern
park Boundary. Timber-company employees indicate that some of these
berms are erosional remnants of berms that were much more extensive
fo]]ow%ng the 1964 flood. Other berms appear tc have been deposited by
the 1572 floods; for example, the orifice tube at the gaging station
at the southern boundary of Redwood National Park hac more than 15 feet
(4.6 metres) of alluvium deposited on it during the 1972 flouds (Gerald
LaRue, oral communication, March 1972). The awount, type, end age of
vegetation observed on these berms in 1974 suggest that mest either
originiated cr had additional sediment deposited_upoﬁ them in 1972.

Within the reaches of Redwood Creek in the Park, considerable
photographic, botanical, murpholbgic and stratiaraphic e;idence suggests
that recently the Creek has significantly aggradated. Sequences of
:ar‘ photographs suggest reductions in bank heTghts.™ Coarse sa=g®

gravel chaanel deposits are commonly found lying upon thick sections
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of <11t loam and fine sandy loam overbank deposits. Locally, between
the couth of the gorge and the prominent bend immediately upstream from
the 7all Trees Flat recent deposition of coarse-grained deposits has
kili=d groves of alder, maple, tonoak, Douglas-fir, and redwood trees at
the streamside edges of upper flood plains. . Downstream from the Tall
Trees Flat only isolated individual trees appear to have been killed by
recent deposition.of coarse-grained alluvium. The upper surfaces of
nearly all of the recently deposited coarse-grained channel deposits and
ter:s bear only sparse young vegetation that appears to have been
estzilished subsequent to the 1972 floods. Nonetheless, many of the
trees that appear to have been killed by recent deposition were dead prior
to 1272, so that the January and March 1972 floods may merely have
deposited a rélatively thin veneer upon alluvium 1aid down principally in
1964. Sfreambanks are clearly defined at most sections in this reach,
and even where recently aggraded channel deposits have spilled onto
upper flood plains, only the outer edges of the flood plains have been
affected. B

The bulk and height of flood-deposited gravel berms, as well as
the vertical separation between the channel of Redwood Creek and its
‘upper flood plain, suggest that the amount of recent aggradation in
reacnes of Redwood Creek within the park as of 1973 was greatest between
“the Touth of the gorge and Harry Weir Creek. The amount decreased
Cgwnsiream, so that by Hayes Cfeek, streambank heights along Redwood Creek

were comparable to what they were during the early 1950's.
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